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FOREWORD 


BICP’s Report on Energy Audit of Integrated Stee! Plants is the 4th Energy Andit 
Report of the series after reports on Cement, Paper & Pulp and Aluminium Industry. This 
Report also forms the first phase of BICP’s comprehensive study of steel industry to identify 
measures to make Indian steel internationally competitive. 


2. Before initiating the study, BICP had organised a Conference on Steel Industry 
on 10th March, 1988, to draw up relevant issues and approach to the study. This confe- 
rence, which was in the nature of a brain-storming session, was attended by the “who’s who” 
of the India’s Steel Industry. During the course of the study, the BICP made two presen- 
tations to share the findings of the study with experts from SAIL, TISCO, M.N. Dastur & 
Co. Pvt. Ltd., Planning Commission, Ministry of Steel and consultancy organisations. 
In addition, BICP also had separate and detailed discussions with Dr. 8.K. Gupta, Director, 
RDCIS, Ranchi and Shri P.C. Laha, Chairman and Managing Director, MECON at Ranchi. 
BICP has greatly benefited by these interactions and BICP is grateful to all these distingui- 
shed experts for their advice and help. Needless to say, the sole responsibility for this 
report is that of the BICP. 


3. The salient features of the study have been brouzhkt out in the executive summary 
of the report. { would, however, like to highlight what I consider the major conclusions 
of this study. These are : 


(i) Indian integrated steel plants tend to consume nearly 60%, more energy than 
their counterparts abroad. However, unlike other industries, in steel industry 
the excessive level of energy consumption in India is primarily caused by two 
major factors—instability of process operations and poor quality of raw materials. 
Stability of operations and good quality raw materials are, therefore, absolutely 
essential for cost-effective steel production. Fortunately, neither of these requires 
large-scale investments. Of course, what is required is better management inputs 
and higher levels of efforts from the “Troika” i.c. Government, management 
and the employees. 


(ii) It is encouraging to see that it has been possible for a few of ovr steel plants 
whether in public sector or private sector to achieve near-international standards 
in energy consumption in important process centres whenever there has been 
high quality inputs in terms of materials, management and work efforts, 


(iii) Strategy for achieving energy conservation need not have ambitious capital 
investment as the starting point, as that substantially increases the capital servicing 
charges in the production cost. Low capital investment options should be 
exhausted first to partly self-finance the next phase investment as well as to 
“mimic’’ the discipline of the “hard budget’”’ constraint of the capital markets. 
Investments for energy conservation should be in sequential in the order, i.e., 
towards Operational Optimisation first and then for Retrofit Technology and 
Modernisation. Operational optimisation will have at least four major com- 
ponents, i.¢e., higher capacity utilisation, improvement of raw materials quality, 


proper instrumentation and process controls and better maintenance of process 
centres. 
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(iv) This study shows that substantial energy savings are feasible in the steel sector. 
It is estumated that at 1986-87 prices, short-term (Stage-I) investment of Rs. 51 
crores alone can generate savings of as much as Rs. 153 crores per annum and 
medium-term iavesiment of Rs. 100 crares can generate additional saving of 
Rs. 52 crores per annum. Short-term investment of Rs. 51 crores alone will 
reduce production cost by Rs. 260 per tonne ie. as much as 5%, reduction in 
the cost of crude stecl. Pav back periods of such investments are favourable. 


(v) Energy conservation in the stecl sector will need better infrastructural support 
from the rest of the economy viz. improved quality of coking coal, reliable electrical 
power supply from State grid and efficient railway transport. 


4, These findings will be important inputs to the Second Phase of the study which is 
in progress and which will cover other vital issues faced by the integrated steel plants. We 
prog I 
are hopeful to make available the report of the second phase during this year itself. 


February, 1989 
(Vijay L. Kelkar) 


New Delhi Chairman, BICP 
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Units of Measurement adopted in Energy Audit 
Studies of B.LC.P. 


One ton of oil equivalent (Toe) 
= 1,000 kilogram of oil equivalent (Koe) 
=47.7 x 10%joule (J) 
=10.2 x 10° calorie (cal) 
=10.2 x 108 kilocalorie (kcal)=10.2 G. cal. 
=40.5 x 10° British thermal unit (Btu) 
= 7,33 barrel of oil 


=4,0x 108 Kilowatt hour (kwh) (kilowatt hour of primary electricity at thermal replacement 
value based on efficiency of 34 percent in thermal power generation) 


For coal, the standard value used is 1 toe= 1.46 ton of standard coal. The real value may vary 
between 1.46 for anthracite and 5.0 for lignite. 
One ton of coal equivalent (tec)= 7 x 10° K. Cal=7 G. Cal. 


ABBREVIATIONS 
K (Kilo) —10* (thousand) 
M (Mega) —10® (million) 
G (Giga) —10° (billion) 
T (Tera) —10'2 (trillion) 
P (Peta) —1015( ) 
E (Exa) —10%8 


NOTE : In this report the widely accepted International System for Units is applied. All unit 
designators are thus in the singular form in aceordance with this system. 
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ACC 
BF 
BOF 


CC 
COG 
DR 
EAF 
GCal 
TISI 
IME 
KCal 
Kg 
Kwh 
LDG 
MW 
NSC 
OECD 
OHF 
toe 
NBC 
SAIL 
DPR 
T/M3/Day 


tp 

THM 
CIL 
SEB 
MIS 
RDCIS 
PIB 
IME 
CPE 

DC 
EEC 
BF-OHF 
BF-BOFP 
DR-EAF 
SCRAP-EAF 


ABBREVIATIONS AND ACRONYMS 


—Automatic combustion control 
—Blast furnace 

—Basic Oxygen Furnace 

—Celsius 
—Continuous casting 

—Coke Oven Gas 

—Direct Reduction 

—Electric Arc Furnace 

—Giga calories (10° Calories) 
—TInternational Iron and Steel Institute 
—Industrialised Market Economy 
—Kilocalories (108 Calories) 

—Kilogram 

—Kilowatt Hours 

—Basic Oxygen Furnace Off-gas 
—Mega Watt (10° Watt) 

—Nippon Steel Corporation 
—Organisation of Economic Corporation and Dzvelopment 
—Open Hearth Furnace 
—Tons of oil equivalent. 

—Normative Based Capacity 

—Steel Authority of India 

—Detailed Project Report 


—Tonnes of hot metal per meter cube space volume of blast 
furnace per day. 


—Outputin tonnes of Product atthe process centre. 
—Tonnes of Hot Metal 

—Coal India Limited 

—State Electricity Board 

—Management Information System 

~—Research & Development Centre for Iron & Steel 
--Public Investment Board 

—Industrialised Market Economies 

—Centrally Planned Economies 

—Developing Countries 

—European Economic Community 

—Blast Furnace-cum-Open Hearth Furnaces of Steel Making. 
—Blast Furnace-cum-Basic Oxygen Furnace 
—Direct Reduction-cum-Electric Arc Furnaces. 
—Scrap-cum-Electric Arc Furiaces. 
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CHAPTER O 


EXECUTIVE SUMMARY 


1. Indian Stee! Plants consume as much as double 
the energy per unit of crude steel produced compared 
fo the developed countries. Further, the average 
unit energy cost in India has shown a rapid up-trend 
during the last ten years which should be a matter 
of serious concern. The increase has been of the 
order of 28% per annum. Hence there is a need for 
a strategy for energy conservation which will lead to 
cost reduction. This study explores the rossibilitics 
of energy conservation and cost reduction. 


2. The study relies on detailed data and informa- 
don assembled through questionnaire, sent to all in- 
tegrated steel piants of SAIL and TISCO. The ques- 
tionnaire sought detailed information on process cen- 
tre-wise energy generation 
with details of the technology adopted. It also sought 
information on various operating parameters along 
with the productivity of various process centres to 
compare the energy efficiency of Indian Plants with 
those of the other efficient plants abroad, wherever 
such data were available. Bureau received partial re- 
plies by the end of 1984. There was some delay in 
pursuing this study since other energy audit studies 
were taken on time schedule basis and hence a fresh 
questionnaire was issued during August, 1987. Based 
on the replies received for the questionnaires — of 
July, 1984 and August, 1987, this report has been 
prepared. Data from various secondary sources as 
also from the Bureau’s Steel Report submitted to 
Government in 1982 have also been made use of. 


3. The Bureau had also the benefit of elaborate 
discussions with RDCIS (Ranch:), M/s. M. N. Das- 
tur & Co. and Economic Research Unit under Joint 
Plant Committee, which fave considerably contri- 
buted to the quality of this report. 


Approach to the Study 


4. (i) This study of energy audit of integrated 
stee] plants is a part of the comprehensive 
study Bureau has undertaken on “How to 
make Indian Steel Internationally quality- 
wise and price wise competitive”. Since in 
the Indian context the energy cost forms 
1|3rd of the total production cost of crude 
steel, the study attempts at cxamining var- 
jous aspects of this vital input cost as an 
element of production cost of crude steel 
and ways and means to reduce it. 


Process-centre-wise analysis was undertaken 
and compared with other efficient plants 
abroad so that all feasible least cost op- 
tions of investment could be undertaken to 


(ii) 
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and consumption along 


XV 


improve upon the performance keeping in 
view the constraints unavoidable in Indian 
conditions. All the companies are based 
on the common standards developed by 
International Iron & Steel Institute. 


The consumptions of commercial form of 
energy by the steel plants in the form of 
thermal and electrical energy needed to be 
separately considered since the costs of 
useable form of these two energies vary 
significantly amongst the integrated Steel 
plants. Looking, therefore, to total energy 
in thermal units (G. cal) will be mislead- 
ing and hence the study has approached 
to observe both thermal and electrical 
energy consumptions at different process 
centres. 


Steel plants while undertaking the process 
involving chemical reactions generate sec- 
ondary sources of energy such as coke oven 
gas, blast furnace gas and LD gas. The 
gross consumption of energy at any pro- 
cess centre together with net consumption 
at the process centre need to be considered 
since the efficient generation and use of 
secondary sources cf energy increase the 
overall energy efficiency of the total system. 


(iii) 


(iv) 


‘Based on observations and the factors in- 
fluencing the energy consumption, different 
modes of investment with its cost and bene- 
fits have been identified and quantified in 
the report, Proposed strategy for promo- 
ting energy efficiency takes into account one 
of the principal findings of the study, ie. 
the stability of operations and the quality 
of material inputs have predominant in- 
fluence on energy consumption. Although 
improvement in the power sector will not 
require a substantial investment, it would 
need major managerial inputs and greatly 
altered attitudes about work ethic. 


(v) 


5. Commercial production of steel started in India 
in the year 1907 when Tata Tron & Steel Company 
(TISCO) at Jamshedpur came into existence. In 
1919 Indian Tron & Steel Comnanyv (ITSCO) was 
eStablished and in the year 1923 Mvsore Tron and 
Steel Works came into existence. The development 
of medern sieel industry hegan inly after indenen- 
dence during the Second Five Year Plan, The trend 
in the installed canacity for producing crude sicel 
may be observed from Table 1. It would be seen 


that (i) the installed capacity has increased 6.5 
times during the period from late “40s to 1988 to 
reach a level of 14.9 million tonnes, (ii) public 
sector accounts for 63% of the presert installed 
capacity and (iti) the installed capacity in mint 
steel plants forms nearly one-fourth of the total 
capacity. 


TABLE 1 (CTT-2/5)* 
Growth in Instelled Capacity of Crude Steel 
(Million Tarms) 





SI. Units Late Merch 





Mid 
No. 1940s 1960s 1988 
(9) da) (2) (3) 4 
Private Sector 
1, TISCO 1.7 2.0 2.0 
2,0ScOo. . ‘ 0.5 1.0 — 
3. Mini Stec] Plants 0.1 0.5 3.5 
Sub-Tote! meee: S .* ae 5 
Public Sector 
4. ISCO : ‘ tees or 3 
5, Rourkela . ; wee 1.0 my) 
6. Bhilai 1.0 2 
7, Durgapur . — 1.0 fh 
8. Bokaro cone = 2.6 
9. Vizeg a ae a 
Sub-Tote! =. ti<~STiti‘ “;OC 
Total 2.3 6.5 449 


14.9 








*In many cases, thetables included inthe Executive Summary 
are abridged versions of the corresponding text tables 
(CTT) in the Report. Reference to which are indicated 
by CIT. CTT-2/5 refers to Tabi: 5 of Chapter 2. 


6 To study the trends in production, it is neces- 
Saty to consider not only the production of crude 
steel but also that of hot metal and saleable steel. 
This is because hot metal, which is produced at 


blast furnace, can either be used for casting of pig 


iron or for making crude stevl. Similarly, the in- 
got stee! can either be made inte saleable finished 
steel or ito semis (blooms, billets and slabs) which 
are sold to re-rollers, ‘Tale 2 lists production of 
steel during recent years along with unit wise pro- 
duction ard capacity utilisation during 1986-87. 


TABLE *(CTT2/10. 11) 
Production of Steel 
(000 tonnes) 














Yoar Ho t “Metal Ingot Steel Saleable 
2 _ Steel 
CO ee ness (1) (2) ~@) 
1982-83 . 9488 8625. += 7293 
1983-84 , 9117 7928 6596 
1984.85 . 9244 8290 6997 
1985-86 . 10036 9060 1776 
1986-87 . 9086 8219 


10436 





AVI 


(8) (1) (2) ahh (4) 

1986-87 TISCO 1940(97)  2250(97)  1907(110) 
Bhilai 2510(80)  2230(66) ~—-2150(80) 
Bokaro 2813(61) - 2056(66) ~—-1745(83) 
Rourkela.  —-:1223(76)-—*1100(61) 11409) 
Durgapur . —«1.125(66) 922(58) 751 (61) 
1ISCO 528(53)  52.((66) 


825(63) 





Figures in brackets indicate per cent capacity utilisation. 


7. Capacity utilisation is the highest in TISCO. 
Conversion of hot metal into saleable pig iron is 
marginal in TISCO, which implies that the total hot 
metal produced at blast furnaces is being fully uti- 
lised for steel making. On the other hand, SAIL 
units, particularly Bhilai and Bokaro are producing 
substantial quantities of pig iron for sale, The riz 
iron thus sold caters to the foundry industry of tie 
country. 


8. The changes in the level of consumption of 
steel in the country since 1965/66 to 1986/87 given 
in Table 3 would show that (i) bulk of the consump- 
tion (87% in 1986-87) was from domestic produc- 
tion and (ii) that in recent years imports have con- 
tributed to 13-19 per cent of consumption, Domes- 
tic production includes production from secondary 
sources also. 


TABLE 3 (CTT 2/3A) 


Consumption of Steel 
(Million Tonnes) 























Year Production Imports Exports Apparent 
Consump- 
tion. 

(0) (1) (2) (3) (4) 
1965-66 4.4 0.7 0.1 5.0 
1970-71 4.5 0.6 0:5 4.6 
1975-76 5.8 0.5 9.8 55 
1980-81 6.8 1.0 — 7.8 
1982-83 81 1.3 = 9.4 
1983-84 8.4 0.6 — 9.0 
1984-85 8.7 1.7 0.2 10.2 
1985-86 9.0 2.0 0.3 10.7 

10.53 1.56 os 32.09 


1986-87 
Source : World Bank Reconnaissance Report and SAIL. 





Demand 


9. Projections of demand for steel upto the end of 
century have been made by many agencies. The 
National Council of Applied Economic Research 
(NCAER), has estimated the demand of steel in the 
future based on an econometric model, which repre- 
sents as of today the best possible demand projections. 
From the details given in Table 4, it would be seen 
that demand for both pig iron and steel are expected 
to nearly double during the pericd 1984/85 to 2009! 
of pig iron from 1.6 miilion tonnes to 3.1 million 
tonnes and of steel from 10.9 million tonnes fo 23.6 
million tonnes. In steel, the pattern of demand is 
expected to shift slightly in favour of flats. from 
36% of the total to 38 per cent, although non flats 
would continue to account for a major portion of 
demand. 
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TABLE 4 (CTT : 2/4) 
Deimund for Pig Iron & Salzable Steel 


(Million Tonnes) 














2000 -01 




















“1984-85 1989-90 1995-96 
Qiy. (%) Qty. (%) Qty. (%) Qty (%) 
(0) @) 2) (3) (4) (S) (6) (7) (8) 
Pig Iron : 1.6 Sa 1.9 ; 2.5 _ tO 
Steel 
(i) Non Flat 6.8 (64) (62) its (61) 14.5 (62) 
Gi) Flat... se 41 (36) (38) 1.2 (39) 9.1 (38) 
Torn . wt 10.9 (100) 13.9 (100) «18.7 (100) 23.6 (100) 





Source : NCAE R. 
Steel Manufacturing Processes 


10. The major processes followed for manufactur- 


ing steel in the world at present are the following :. 


(i) Blast furnace cum steel Melting either by 
Open Hearth (OH) or by LD converter. 


(ii) Direct reduction (D. R.) of iron ore by 
gas or non-coking coal and using the sponge 


iron thus obtained in electric arc furnace 
to produce steel. 


(iii) Melting of steel scraps in an electric arc 
furnace to produce steel. 


A schematic diagram showing the process of manu- 
facture of steel by the above processes may be ob- 
served from Fig. 1. 


CONVENTIONAL INTEGRATED STEEL PLANT (BF -BOF/8F-OHF) 


RAW 
MATERIAL 
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11. The trend in the world scene of steel produc- 
tion is a shift away from the conventional process of 
open hearth furnace to basic oxygen furnace. Table 
5, which shows the changes in the steel making pro- 
cess in the world between 1960 and 1982 reveals a 
dramatic fall in the share of open hearth process frem 
71.8 per cent in 1960 to 22.9 per cent in 1982. In 
fate, open hearth process has virtually ceased to be 
used in Japan and EEC countries. Basic Oxygen 
furnace process has made rapid progress, its share 
mcreasing from a mere 4 per cent to over 54 per 
cent. The main reason for the change is the fact 
that basic oxygen furnace process consumes much 
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less energy. Both in Japan and EEC it now accounts 

for nearly three-fourths of the production. Another 
process which increased its share is the Electric 
Fournace, from 10.5 per cent to 22.5 per ecnt. 


12. In India too the share of open hearth furnace 
is steadily declining and the process which is being 
increasingly adopted is the L.D. Convertor. The 
latter has increased its share from 25 per cent to 35 
per cent in a period of four years. Electric arc fur- 
naces are also becoming more important, accounting 
for 27 per cent in 1986-87. 


TABLE 5 (CIT : 2/1A, IB) 


Trend in Stee] making Process in the World. 



































(Percent) 
Country/Zone 1960 1982 
Basic Open Electric Other(a) Basic Open Electric Other(2) 
Oxyzen Hearth Furnace Oxygen Heerth Furnace 
Fu-nace furnace Furnace Furnace 
+ 0 — i a ~ 3 "4 um - ais SE ° 8 
Western Europe (b) 4 48.8 11.2 36.6 69.2 2.2 28.6 ey 
EESC 22 37.8 10.4 49.6 73.6 0.5 25.9 as 
Others . . ; 5.9 72.4 13.1 8.6 52.4 11.6 36 dose 
North America (c) 3.2 87 8.7 1,1 60.8 9 30.2 _ 
Unitec States 3.4 87 8.4 1.2 60.7 8.2 31.1 eas 
Japan 3 1199 67.9 20.2 ca 73.4 Nil 26.6 Nil 
Sub-Total . 4.4 67.5 It 17.4 68.4 3,2 28.4 3 
Eastern Europe (d) 3.1 85 9i1 2.8 30.5 56.5 12.5 0.5 
USSR 3.8 84.4 8.9 2.9 29.5 59.1 10.9 0.5 
Others 0.1 87.3 9.7 2.9 33.9 47.1 18.3 0.7 
TOTAL 3.8 11.8 10.5 13.9 54.4 22.9 22.5 0.2 
India 
Process 1982-83 1983-84 1984.85 1985-86 1986-87 
Percentage . Oven Hearth 53 48 45 42 38 
Proc uction by LD Converger 25 28 32 32 35 
Different 
Processes Electric Furnaces 22 24 23 26 27 





(a) Including Thomas Steel making process. 

(b) Excluding Switzerland. 

(c) Canada & U.S. 

(d) Excluding Czechoslovakia, 1982 data based on 1981. 





Source ; For 1960 data : United Nations Economic Commission for Europe, Structural changes inthe Iron & 
Stee] Industry (1979); for 1982.data ; International Iron & Stee! Institute. 


For Inaia : SAYL. : 
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13. Steel Plants obtain their requirements of energy 
both from primary and secondary sources. Coking 
coal, non-coking coal, liquid hydrocarbons and pur- 
chased electricity are the primary sources, which are 
processed to give usable forms of energy. Secondary 


the various processes due to chemical reactions and 
are re-cycled into the various process centres. Blast 
furnace gas coke oven gas and LD gas are examples 
of secondary sources. Table 6 gives the energy inputs 
according to primary sources for the different integ- 


sources of energy are those which are generated in rated steel plants during 1986-87. 


TABLE 6 (CIT :2/9A) 


Energy Inputs ccording to Primary Sources 1986/87. 
(Millin G. CAL) 

















Source Unit Code Iisco 
010 022 021 024 023 

(0) (1) (2) (3) (4) (5) (6) 

(1) Coking Coal . 15,80 20.62 24,75 11.03 11.22 7.66 

(68.2) (73.6) (80.4) (73.9) (79.8) (70.3) 

(2) Non-coking coal . ‘ : ‘ ‘ F 5.48 3,89 3.75 1.50 1.44 2.56 

(23.6) (13.9) (12.2) (10.0) (1022) (23.5) 

(3) Hydrocarbons . 0.76 1.93 G.12 0.71 0.60 0.38 

(3:3) (3.3) (0.4) (4.8) (4.3) (3.5) 

(4) Pacchasad Electricity (in MWH) : 1.14 2.59 2.16 1.68 0.80 0.30. 

(4.9) (9.2) (7.0) (11.3) (5.7) (2.7) 

447640 1017904 847580 659924 315380 613000 

23.18 28.03 30.78 14.92 14.06 10.90 


Total 


Figucesin brackets indicate percentages to total. 
G.Cal—Giga Calories=10® Calories. 
One T.O.E. =10.18 G Cal=4000 KWH=4 MWH as units adopied by the U.N. and World Benk. 





TABLE 7 (CTT : 2/7B) 


Gross Specific Energy Consupiption 
(Thermal and Electrical? 1986-87) 


G. Cal/Tonne. 
In G. Cal/T, of 


14, The above table indicates that coking coal 
alone contributes from 66 to 80 per cent of the total 
energy input from primary sources to the 
integrated steel plants. Next to the coking 
coal, non-coking coal contributes from 9 per —_-—-- 





Unit Total Energy Cons, 


cent to nearly 24 per cent of the total Sl. g 
energy input. The percentage coniribution of pur. No- Code Crude Steel Saleable Steel 
chased electrical power varies from plant to plant ____ (Grass) eo tate (Gross) @2 
being as low as 2.26 per cent in IISCO and as high (0) () ay aos 
as 9.24 per cent at Bhilai. Consumption of purchased HR ee ag ee ae 
electrical power is dependent on (a) contribution Evie 10.30 12.16 
from captive generated power and (b) type of finished 2, 022 12.58 13.05 
saleable products being manufactured by a particular 3. 021 14.96 17.63 
steel plant. ~ 4, 024 13.56 13.09 
5. 023 15.25 18.72 
6. 025 20.70 20.78 


Specific Energy Consumption (Gross) _ 








15. The total input energy from ccking coal, noa- *Crude Steel= INGOT Cast-+Con. Cast Other 
coking coal, liquid hydrocarbons and purchased elect- Steel. = vane 
ticity when related to the total production of cast @1—Total Energy Cons./T of crude steel (Gross)— 
crude steel or finished saleable steel gives the gross _ Total energy inpui (ref. Table 6)/Total cast steel progn. 
sa energy Sickel ipoun ee cain ae seis? @2 =Total Energy Con3./T of Saleable Stee! (Gross) 

c energy consumption of the steel units in =Total energy input (Ref. Table 6)/Total saleable < 
may be observed from Table 7. Prodn. : 7 earn ble steel 


16. The above figures of gross specific energy con- 
sumption are influenced by the icilowing : 


(1) Saleable output of steel plants are (a) finished 
produc; and (b) semis which are not rolled 
to finished product. The type of finished 
product as well as the quantity of semis 
vaties from plant to plant. 


(2) As the raw materials get processed and pro- 
cecd to intermediate products, different pro- 
cess centres consume different amounts of 
energy per unit output of the process cent- 
re—some are energy-intensive processes and 
some are not. 


(3) Cast crude steel production (mostly ingot) is 
achieved by different routes of production by 
the plants—some exclusively by open hearth 
processes, some exclusively by LD con- 
verter and scme by combination of both. 
Hence, the gross specific energy consump- 


tion needs to be worked out on the basis of 
balanced flow energy consumpticn whereby 
the carry-over energy of a particular process 
centre is taken into consideration in the next 
process centre. This is being adopted in 
the present study. 


Trend is cost of production of crude steel vis-a-vis 
the energy cost. 


17. Energy forms an important clement of cost of 
production in crude steel. After the oil crisis in 1973 
the energy cost for making crude steel increased sub- 
stantially as a result of which the price of steel in the 
international market also rose. Different countries 
made different types of efforts to reduce the specific 
cnergy consumption in steel making. The effect of 
these efforts to reduce energy consumption, which in- 
cluded improvement in the technologies of manufac- 
ture on cost of production may be observed from 
Table 8. 


TABLE 8(CTT :2/13A) 


Average Cost of Production-World vis-a-vis India in 
1973 and 1984 


Average Cost of Production ($/T)in 
1973, 





Aversge Cost of Production (8/T) in 
Countries 




















1984 
sl. LORD E SOE ENCE NSIS NES, | .. °, Teng RRP ENS Ie ne Pt hm ee ae ere 
No. Ay. Material Labour Interest” Av.Cost. Material Labour Interest & 
Cost  Cost/T@ Cost Dep. Cost Cost @ Cost Dep. 
Cost. Cost. 
@) =) Q) (3) 4) (5) (6) m” @® 
(1) Canada . 292.5 162.5 105 25 342 5 202.5 102.5 37.5 
(100) (36.0) (35,5) (8.5) (100) (59.1) (29.8) (11.0) 
(2) Japan. . a 317.5 227.5 45 45 400 280 55 65 
(100) (71.6) (t4:5) (14. 2) (100) (70.0) (13.7) (16.3) 
(3) U.K. ‘ ‘ ‘ 335 187.5 112.5 35 332.5 902.5 87.5 74.5 
(100) (56.0) (33.6) (10.4) (100) (60.9) (24.8) (14.3) 
(4) France 337.5 212.5 75 50 417.5 315 65 37.5 
(100) (63.0) (22.2) (14.8) (100) (75:4) (15.6) (9.0) 
(5) ULS.A, 341.95 170 155 16.75 447.5 250 150 42.6 
(100) (49.8) (45.4) (4.5) (100) (56.5) (33.9) (9.6) 
(6) F.R.G. . e : 375 250 90 35 362.5 237.5 100 25 
(100) (66.7) (24.0) (9.3) (100) (65.5) (27.6) (6.9) 
(7) Korea. . : 400 297.5 25 17.5 237.5 155 20 62.5 
(100) (74,4) (6.3) (19.4) (100) (65.8) (8.4) (26.3) 
(8) India. et 375 245 90 40 487.5 360 80 47.5 
(100) (65. 3) (24.0) (10.7) (100) (73.8) (16. 4) (9.8) 





Figures in th> parenthesisrepresent percentage to averagecost of product‘on. 
@Material cost indclues both matrial end energy. 
Source: World Development Report, 1987, World Bank Data end SAIL Data. 


18. India and FRG had almost the same averag 
cost and more cr less the same cost structure in 1973, 
but by 1984 the average cost of production in India 
was higher by 35 per cent than that of FRG. Mate- 
‘rial cost, which includes energy cost, accounts for 
74 per cent of the total cost in India in 1984 as 
against €6 per cent in FRG. Labour cost in India 


is still low compared to DECD countries, despite 
some overmanning Indian steel plants. The 
table also reveals that despite high interest 
rate prevailing, the capital serviciag cost in Indien 
in 1984 is lower or neatly equal to many of the 
developed countries. More specific information on 
the energy cost in Inidan steel is available from 
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the World Bank Report on Indian Steel Sector Stra- 
tegy (July, 1986). ft shows that total energy  ac- 
counts for about 31 per cent of the total operational 
costs. Of this, coal and coke account for 21 per 
cent and. the rest by rower and other scurces of 
energy. 


19. This indicates that intensive efforts are re- 
quired to be made to improve upon raw materials 
and energy cost. It is because of the high inci- 
dence of raw material cost and energy cost that 
Indian steel could not be made cost-wise competi- 
tive in the world. As far as raw material is con- 
cerned, the incidence of cost is within the control 


not require any raw materials to be imported. As 
regards energy consumption and its cost, they can 
be controlled by various ways and means which are 
discussed in this report in detail. 


20. Apart from the data of the World Bank pre- 
sented above, the Bureau has obtained data on cost 
of production and energy cost from the integrated 
stec! plants in reply to the questionnaire. Table 9 
gives the energy cost and its incidence on the total 
cost of production both for ingot stecl as well as 
for the saleable steel based on the data thus col- 


of the country. Except for coking coal, India does lected. 


TABLE 9 (CTT 2/12) 
Trend in Cost of Production vis-a-vis "nergy Cost 





SALEABLE STEEL 























INGOT 
sl. Unit Year ee $a = : ie Pe ae any er 
No. Code Cost of Cost of Energy Cost of Cost of Energy 
Prodn/T Energy,T Cost as Prodn/T Energy/T Cost as 
in Rs, inRs. %to in Rs. in Rs. % to 

cost of Cost of 

Prodn. Prodn, 

(0) (1) QQ evroewendy 6) (6) ce (8) 
1. O10 : : : : . 1975-76 768 N.A. N.A. + 1167.25@ 359,54@ 30.8 
(DH) . : . 1980-81 1236 540 43.7 1769.82 604.8 34.2 
1985-86 2367 946 39.9 3206. 63 1070.45 33,4 
1986-87 2448 957 39.1 3282 .04 1079.77 | 32.9 
2. 022 ; ? 7 , . 1975-76 749 214 28.6 1062 363 . 34.2 
(OH) 1980-81 1166 430 36.9 1615 720 44.6 
1985-86 2667 913 34.2 3787 1430 37.8 

1986-87 3402 1182 34.7 5647 . 1930 34.2 

3. 021 1975-76 1299 257 10.8 19f4 488 25.5 
(LD)** 1980-81 1827 438 24.0 2920 653 22.4 
1985-86 2643 740 28.0 4274 1258 29.4 
1986-87 3158 861 27.3 4772 1373 28.8 

4, 024 ; : A ; . 1975-76 916 190 20.7 1818 497 27.3 
(OH) 1980-81 1513 361 23.9 2940 955 32.5 
1985-86 3353 867 25.9 5756 1495 26.0 

1986-87 3952 1110 28.1 6138 1762 28.7 
5.023. : . . . 1975-76 953 311 32.6 1444 454 31.4 
(OH) 1980-81 1370 463 33.8 2122 799 37.7 
1985-86 3333 126] 37.8 4917 2031 41.3 
1986-87 3387 1351 39.9 3301 1866 35.2 
6. 025 : : ‘ . 1975-76 N.A. N.A. N.A. 1 $04 NA. NA, 
(OH) 1980-81 N.A. N.A. N.A. 2682 N.A. N.A. 
1985-86 4555 1637 35.9 6702 3368 33.8 

1986-87 4762 2410 50.6 6748 3778 41.2 





*OH represents Steel prduced from Open Hearth Shop. 
**LD represents Steelobtained from LD Converter. 
@1977-78 prices are considered. 

Source : 010 & 020. 
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‘21, It is observed that cost of energy per tonne of 
ingot has increased considerably between 1975|76 
and 1986/87 and ranged between Rs. 861 and 
Rs. 2410 in 1986-87. The lowest cost is related 
to L.C}. Process. As a percentage of total cost also, 
energy cost was lowest at 27.3 for L.D. process and 
ranged between 23.1 and 50.6 per cent for Open 
Hearth process. For saleable steel, TISCO with 
Open Hearth process had a lower cost of energy 
than Bokaro with L.D. process but all other O.H. 
Process units had a higher cost. Table 9 clearly 
shows that energy is an important element in cost of 
production acounting for nearly one third of the 
cost. 


Balanced Flow Energy* 





22. Cost of energy has two components—one 
being the quantity of energy consumed per unit 
output and the other being the unit cost of the 
energy consumed. It is, therefore, necessary that 
we observe the time trend of quantity of energy 
consumed per unit output as well as che unit cost 
of energy such as coking coal, non-coking coal, 
liquid hydrocarbon and purchased electricity. Since 
the quantitative consumption of energy per unit out- 
put is based on output in terms of cast crude steel, 
the quantity of energy consumed should be based on 
balanced flow energy as adopted in international 
practices. Table 10 shows the balanced flow ener- 


gy consumption in G/CAL per tonne of cast crude 
steel. 





*Balanced flow energy consumption is a concept 
developed by International Iron & Steel Insti- 
tute and followed by all over the world, It 
takes into cognisance the carry over energy by 
the material which is used in a given process 
centre and then the additive value for the 
entire plant is determined. The methodology 
of calculation of balanced flow energy is 
available at SAIL & TISCO. 


652 Industry /89—4 


TABLE J0 (CIT 2/7C) 
Balanced Flow Energy Consumption based on LISI method, 
1982-83 10 1986-87 


(In G. Cal /Tonne cf Crude steel) 











“SiUnit YEAR _ 

No-Cude eee eets ee eae ae 

1982. 1983- 1984- 1985- 1986- 

83 84 85 86 87 
(1) 010 10.554 9.994 9.760 9.680 9.163 
(2) 022 9.055 8.926 8.985 9.702 10.552 
(3) 021 10.789 10.962 10.537 10.815 10.629 
(4) 024 13.464 12,919 11,338 11.122 11.051 
(5) 023 10;813 11.756 12.497 11.456 12.03 
(6) 025 16.313 16.414 19.662 15.469 15.801 





Source :SAIL & TISCO. 


For reasons already mentioned in relation to 
specific energy consumption, the balanced flow 
energy consumption also shows variations among 
the units and over time in a unit. 


23. In conformity with the normal practice fol- 
lowed intemationally to have a comparative view of 
balanced flow energy cOnsumtpion per tonne of cost 
crude steel, a comparison with the achievements made 
by other countries would help in knowing the rela- 
tive status of the Indian plants. This may be ob- 
served from Fig, 2. Comparisons of quantitative 
energy cOnsumption of Indian units with France, 
West Germany and U.K. show that Indian units con- 
sume twice the energy per tonne of crude steel. It 
may however be mentioned here, that the units in 
India has to resort to the practice of supplying 
energy captively such as electrical power generation, 
coal washery etc. to compensate the inadequacy of 
such supply support from infrastructure. As a result of 
this the balanced flow energy consumption increases by 
nearly 20 per cent (in 1986/87 TISCO’s share of the 
energy utility services was 15.6 per cent). This 
needs careful consideration while comparing energy 
consumption with other efficient plants abroad. A 
comparison of process centre-wise energy consump- 
tion (Ref. Table 12) with British Steel Corporation 
shows that the performances of efficient Indian 
units is nog that much out of proportion as the ba- 
Janced flow energy consumption comparisons indi- 
cate. 


M.CAL PER. TON OF CRUDE STEEL 
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FG. 2 


SPECIFICENERGY CONGUMPTION TRENDS IN SELECTED GOUNTRIES-1960-50 
CM.CAL PER YONNE OF GRUDE STEEL) 


M.CAL X 102G.CAL 


9-888 


1988 1985 
1888 DATA BASED ON 1979 


SOURCES: 1151, STEEL STATISTICAL YEAR BOOK, ISBOj) NSC 
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Cost of Primary Energy Sources 





24. Apart from higher quantitative consumption 
of energy per tonne of crude steel in the Indian 
industry, Indian uniis also experience tising trend 
in the cost of energy. The rising trend in the unit 


cost of energy may be seen from Table 14 of Chap- 
ter 2. Table 11 below gives the level of ex-works 
cost of primary sources of energy in 1986/87 for 
each of the units together with the percent increase 
during the period 1982/83 to 1986187. 


TABLE 11(CIT : 2/14) 
Ex-works Cost of Primary Sources of Energy 





‘pcieptrgisg 





ee = en rte eet: 


“Ex-works cost of 





a a tt tae et bene de ey 

















Sh Unit Year Coking Cost* Non-Coking Coal Hydrocarbens Grid. 

No- Code Elec. Power 
Powe — RyT Rs/GCAL Rs/t  Rs/GCAL Rs/T Rs/GCAL Rs/i000_ 

KWH 

(0) (1) @) (3) (4) (5) (6) (7) (8) (9) 
qd) 010 1986-87 678 100.00 534 93.00 3366 329.70 544 
% increase 58 53 109 116 26 26 69 
(2) 022 1986/87 835 131.00 420 70.68 Bs 604.00 804 
% increase 70 70 60 69 = ae 56 
(3) 02) 1986-87 671 95.00 238 55.00 3136 358.30 620 
% increase 7 70 42 67 19 19 42 
(4) 024 1986-87 708 105.00 404 92.00 3406 397.50 1014 
% increase 58 52 132 142 25 42.5 98 
(5) 023 1986-87 558 86.00 399 67.00 3033 313.00 749 
% increase 82 79 80 81 9 9 70 
(6) 025 . 1986-87 653 114.00 407 88.00 _ re 695 
% increase 63 81 91 126 = = 32 





*Uses Naphtha as fuel 

It would be seen that the rise in the case of Hy- 
drocarbons is the least (varying between 9% and 
26%), followed by electricity (42% and 98%). 
Non-coking coal cost has increased between 427% 
and 132% and of coking coal between 50% and 
82%. 


25. Steel plants process primary sources of en- 
ergy into useable forms, such as coking coal into 
coke and non-coking coal into steam. In this pro- 
cess, secondary sources of energy such as coke- 
oven gas and tar products from coking coal and elec- 
tricity from steam are also generated. Apari from 
these, secondary sources of energy are also gene- 
rated. due to chemicai reactions such as blast fur- 
nace gas at blast furnace and LD gas at LD con- 
verters. These secondary sources of energy are re- 
cycled into various process centres and consumed 
as energy. Such. usage is distinct from the usage 
of waste-energy where energy usage 1s feasible only 
after elaborate treatment such as extraction of en- 
ergy from flue gas of a boiler. Figure 1 of Chap- 
ter 3 presents schematic diagram of how the prim- 
ary sources of the energy are processed and con- 
sumed in a steel plant. 


26. In the present study, for each of the process 
centres the energy consumption per tonne of out- 
put in the centres has been determined for each 


of the Indian integrated steel plants based on en- 
ergy balance (Input-Qutput). This wouid enable a 
comparison of the energy-intensity of Indian 
Plants and the scope for energy conservation in 
each process centre with efficient plants abroad. 
The process centres considered are : (i)  Sinter 
plant, (ii) Coke oven plani, (iii) Blast furnace, (iv) 
Steel melting at open hearth furnace, (v) Steel 
melting at L.D. Converter, (vi) continuous casting, 
(vii) primary rolling of cast ingots, (viii) post-ingot 
process centres. For purpose of international com- 
parison the energy consumption of British Steel 
Corporation (BSC) in 1986 has been adopted. 
Detailed data regarding energy consumption for 
each of the plants in each process centre for the 
years 1982-83 to 1986-87 are given in the tables 
and annexes of the report. Table 12 summarises 
the position in respect of energy consumption for 
the process centres using the weighted average fig- 
ures for the five years. A review of the findings for 
each process centre is given in the following 
paragraphs, References to the tables and annexes 
of the report are indicated in brackets. 


27. Sinter Plant : (Table 3/5, Annex 3!2A to 2F) 


In this process centreiron ore fines and 
breeze are sintered to a compact mass for use at 
the blast furnace which replace lump iron ore. 


coke 


The minimum (weightred average consumption dur- 
ing 1982-83 to 1986-87 was 0.696 G.CAL in 
TISCO and the maximum 0.930 in BSL. These are 
respectively higher Sy 26 and 68%@ than the 
BSC consumption of 0.553 G.CAL per tonne of 
sinter. 


20. Coke Oven Plant: ,Annex 3|1A_ to 1F) 


In the coke oven plant, blended coking coal is 
charged to coke oven and coke is produced along 
with coke oven gas and tar products. The latter 
form, secondary sources of energy. Thus the net 
energy consumption is much less than the gross energy 
consumption of energy. From Table 12 it 
would be seen that in 1986-87 net energy consump- 
tion formed about 51 to 61 per cent of gross en- 
ergy consumption. Tne (weighted average) net en- 
ergy consumption varies between 2.038 G. CAL! 
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tonne of gross coke produced in TISCO to 2,342 
G.CAL in [ISCO. These are responsively ngher by 
32% and 51% than the net consumption of 1,549 
G.CAL|Tonne in BSC. 


29. Blast Furnace : (Annex |3A to 3K) 


This is the most energy intensive centre of the 
integrated steel plant. Here Iron ore, coke and flux- 
ing material is converted into hot metal. Coke 
supplies the major portion cf thermal energy neces~- 
sary for reducing iron into hot metal, Blast furn- 
ace gas constitutes a source of by product energy. 
Net energy consumption in 1986-87 formed 65 to 
73 per cent of gross energy consumption, Net en- 
ergy consumption in Indian plants varies from 
4.168 G.CAL]Tonne of hot metal in TISCO to 
7.029 G.CAL in DSP, which are higher by 29% and 
ae than the consumption of 3.221 G.CAL in the 





{TABLE 12-(CTT 3/4 to 8 & 10(c))] 


Process-center-wise Net Enérgy Consumption (wt. AY.) 
1982-83 to 1986-87 





$1. Plant.or Unit Process Centre 














Sinter Plant Coke Oven Blast Open Hearth L.D. Continuous 
No. Plant Furnice Furnace Converter Casting* 
@ () j _ @® (3) (4) (5) (6) a) 
Unit Code Sinter Gross Hot Ingot Ingot Semis 
Coke Metal 
q@) 010 . . F 0.695 2,038 4.168 1.060 0.466 0.177 
(31) (70) (89) 
(2) 022. Paae e 0.812 2.325 282.000 1.170 0.385 0.126 
(56) (69) (100) 
(3) 021. 0.930 2.262 5.703 = 0.488 ss 
(56) (73) (100) 
(4) 024 9.23 2.324 4.882 1.570 0.270 ~ 
(61) (72) (100) 
(5) 023 0.869 2.337 7.029 2.090 _ - 
(60) (73) 
(6) 025 N.A. 2.342 4.977 2.010 - = 
(59) (65) 
(1 British Steel Corp. (BSC) (1986 data) . 0.553 1,549 3.221 N.A. 0.320 0.124 
(8) Ratio to BSC of 
Min. 1.26 1,32 1.29 - 0.84 1.02 
Max. 1.68 1 SL 2.18 me 1.52 





Figures in Brackets indicates % of net consumption to Gross Consumpticn 1986/-87. 


*Weighted average of 1985/86 and 1986/87. 


30. Open Hearth Furnace (Annex 3/4A to 4F) : 


Hot metal obtained from blast furnace is sent to 
steel melting shops. Open hearth furnace is one of 
the processes by which hot metal is processed into 
liquid steel, the other being through L.D. Conver- 
ters. No by-product energy is produced in this centre. 
B.S.L. in India and BSC in the U.K. do not adopt this 
process of making liquid steel and hence international 
comparison is not made. Table 14 shows that energy 
consumption in this centre varies from 1.06 G.CAL 
per tonne of ingot in TISCO to 2.09 G.CAL in DEP. 


1.43 





31. LD Converter : 


This is another type of steel melting process centre. 
By-product energy is obtained from L.D. Gas only in 
TISCO in India. Durgapur and TISCO do not pos- 
sess L. D. Converter. The net energy consumption 
varies from 0.270 G.CAL)|Tonne in Reurkeia — to 
0.488 G.CAL in Bokaro. The former is uower than 
the consumption in U.K. of 0.320 G.CAL by 16% 
while the latter is higher by 52% 
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32. Continuous Casting : 

This process, in which the jiquid stecl cbtained 
from L.D. Convertor is fed to continuous casting mac- 
hine to convert it into semis (blooms, villcts or 
slabs), is in the infant stage in the intergrated steel] 
plants of India. ‘Whe tiudtticna! procedure is to re- 
heat the ingots cast from liquid steel at scaking pit 
and roll it into semis. Thus continuous casiing process 
mean saving of thermal energy (mostly liquid hydro- 
carbons) at the soaking pit and electrical energy at 
the primary rolling mills. From Table 12, it is seen 
that energy consumption at Bhilai (0.126 G.CAL! 
Tonne) compares favourably with that of U.K. (0.124 
G. CAL) while th: consumption in TISCO (0.177) 
is 43% higher. Nearty 7020 of the ecnsumption in 
this centre is in ihe forn o; clectricity. 


33. Primary Rolling of Cast Ingots : 


This is the traditional process of manufacturing 
semis. Comparison of energy consumption in this 
process with that in continuous casting shows that con- 
sumption of thermal energy is much lower in the con- 
tinuous casting process. There is also saving of elec- 
trical energy, which, however, is not very substantial, 
when blooms or slabs are to be made. 





The steel plants after obtaining the crude cast steel 
in the form of ingot process them into semis, depend- 
ing upon the end product in vicw. A small percentage 
of cast crude steel is also obtained through concast. 
The subsequent operations after semis depend on the 
end product for which the product is designed. The 





end products are piant specific and interfirm compari- 
son is not feasibic. However, from the details of 
thermal and energy consumptions given in Table 12-A 
and i2-B of Chapter 3 it would be seen that there is 
wide variation depending upon the type of product. 
For example, tyre mill and bar forging sections in 
TISCO are most energy-intensive for both thermal 
and electrical energy. Similarly, wheel and axle 
plants of Durgapur are most energy-intensive. 


35. Balaneed Flow Energy Consumption : 

The concept of balanced flow energy consumption 
per tonne of output of (a) het metal, (b) cast ingots, 
(c) semis through dificrent processes arises out of the 
fact that the process centre specific energy alone is 
not truly representative of the actual specific energy 
consumption. For exampie, at blast furnace opera- 
tion the net energy consumption is considered- by 
taking all energy inputs to blast furnace and subtract- 
ing therefrom ‘he encrgy output of blast furnace gas. 
This procedure dces noi take into account the carry 
over energy of coke, sinter, etc., which have been 
processed inside the plant. When the carry over 
energy of important energy bearing materials is also 
taken into consideration with the net energy consump- 
tion at the process centre, the balanced flow energy 
consumption is achieved. This is adopted in all 
international forum for comparison purposes. The 
same may be worked cut for (a) hot metal, (b) cast: 
ingot steel from OHF, (c) cast ingot steel from LD 
converier and (d) con. cast steel from LD converter. 
These are presented in Table 13. It would be seen 
that balanced flow energy consumption is higher than 
process centre specific consumption, 


TABLILI3 [CIT 3/9 & 104) te (c)] 


Bilanced Flow Energy Consumption (1982-83 to 1986-87) 


(G. CAL/Ton is of cutput in the preecss contre) 























_ Balanced Flow Entry Consumption at different writs Ratio 
ce ee en gene arene cee ne eee ee ee te ee ee eee «OF Cel, 
Sl. Process cenfre Plant Unit Code (4) lo col 
No. Output  —-—----- ec geeneg eee ae ete ce ee ee CEG) 
or Unit 010 022 021 024 33 025BSC Min. Max. 
(1) (2) (3) 4 (3) (6) (7) (8) (9) (10) (14) (12) 
1, Blast Furnace Ifot 6.26 5,95 8.33 7.§3 9,54 7.50 4.73 1.32 2,Q2 
Metal 
2. Open Hearth Cast 4.389 7.09 = 5.96 10.27 9.53 - 1,45 1.82 
Furnace Crude 
Steel 
3. LID. Converter Cast Crude 6.76 8.29 6,60 8.03 - 4.54 —~ ie 
Stee} : 
Continuous Semis 6.515 6 904 -- = “i ; “ise te =e 


Casting in tebe ts SI Ny sapien aaNet, Se 


For details, sce Annex 3/7(a). 3/7(b), 3/7(c) and 3/7(¢). 


36. Cost of ouc nuit or energy C1 G. CAT) varies 
with different sources of energy, thai is coal liquid io the direct ih 
hydrocarbons and clectricity as evident frsia Table cub-sysiem 10 © 
13. In all quantification of energy hitherto made, eric. Since electrical vowt: § cot 
electrical energy has been converted into thermal enc- ere supply constraints of ciecirical 


rey unit (1 G. CAL=393 KWH) and has been added 
spent 


in any 
scene 
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held necessary to study the electrical power consump- (0) 1) (2) (3) (4) 6) 
tion intensity of (a) ingot cast, (b) rolled semis and ero aaiaeerr rc aye ea 
ic) saleabie steel produced by the plants on the = “a 1933-84 : 98 170 546 
basis of balanced flow electrical power, This 1s pre- 1984.85 a 135 S10 
sented in Table 14, which shows that consumption foesee ‘a5 nee ae 
is higher for saleable steel. 1986-87 102 169 472 
es eee! 6 025 1982-83 60 96 532 
TABLE 14 (CYE2;8) 1983-84 62 100 «578 
Balinced Fiow Electrica! Energy Cousunption® ** ae 1984-85 75 41? 051 
(KWH) 1985-86 66 98 527 
Pteatie, ss ls os 2h Nee a penne on ee 1986-87 aA 103 499 
Sto. Unt Warr Tug ot Serais* Sale- se ee eae ee Sas 
No. Ge eble * Semi:—Iigois to bleoms, bICis GF slabs. ; 
: Sivel®* 45 cle. ble steel— Finithes producis+Simis thet are not 
2) 7 = _ Paricee et ees a volled further to fixisned preduct:. 
(0) () (2) (2) (4) ) *8°Q Jy dinct powcr is tukon imo covsdectien. 
1. Of 1982-83 80 N.A 352 37. Energy Utility Services : 
1983.84 C4 125 AQ3 ee en eee © the; ; j 
1984.35 57 13 467 Steel planis by virtue of their various chemical 
shpgies ee +70 429 processes obtain secondary by-product sources of 
—_ 6.87 a xe 404 energy such as (a) coke oven gas and tar products at 
eed ~ . ~ coke oven plant (b) blast furnace gas at blast fur- 
2. 022 19g2-83 53.6 S40 409.2 naces and (c) LD gus at LD converter. These are 
1983-84 61.9 85.0 530.3 useful secondary sources of energy and their judicious 
1984.85 57.4 87.6 — Sac.5 usages incresse the overall energy efficiency of the 
1935-84 55.8 82.8  #91.7 piant. In addition, to the by-product energy, steel 
1986-87 65.9 102.3 526.9 plauts process (a) non-coking coal into steam and 
ioe 166 573 652 power, (b) oxygen and nitrogen by cryogenic separa- 
- 165 33 315 tion, (c) compressed air and (d) water supply. The 
158 237 772 useible form of these energies and their efficiencies 
138 249 637 of generation and consumption are considered. Table 
159 27 653 15 gives the details of production and consumption 
of coke oven gas and blast furnace gas. As for LD 
4. 024 83.85 124.9 743.0 gas, sufficient reliable. data regarding its recovery 
94.5 149.0 637.2 from LD converier was not available. TISCO only 
$2.8 145.3 75802 provided the data that they were able to recover 
82.9 131.4 9743.9 about 45 NM® per tonne of liquid steel made at con- 
1986-87 88.0 134.0 6362 verter. For this rsascn the analysis in respect of LD 
cepts eta as ee. gas recovery and its usages could not be undertaken. 
: TABLE 15 (OPT 3/14 & 15) 
Production and Consumption of Energy fron: Secondary Sourc:s 
1985-87, 
$i Unit Code 
Source Roa Sree a poe es SS ep gh Rew ee ee yee Foe, P| ee eee we eM 
No. 010 022 027 024 023 025 
~() @) Bo Gi aa he anata ea cae an A @) 
I. COKE OVEN GAS 
(1) Coal charged to Cok e Oven (000 T) 2298.00 3043.00 3593, 00 1644.00 1676.00 1049.00 
(2) Production of CO Gas (Mill NM®) 540.00 841.00 1085.00 445.00 429.00 274.00 
(3) CO Gas : Coal (M*/T) 279.00 275.00 283.00 271.00 253.00 261.00 
(4) Consumption of CO Gas (MilINM?>} 593.09 839.00 1057.00 444.00 391.00 273 00 
(5) %of Cons. to Prod. vr 93.09 100.00 99.00 100.00 91.00 100.00 
(6) Line/Bleeder Loss 44,00 1.90 3.00 0.20 2.00 0.40 
(Mill. NM*) 
Il. BLAST FURNANCE GAS 
(1) Coke Input to BF (000 T) , 1465.00 1825.00 1985.90 993.00 1012.00 837.00 
(2) Prod ctionof BF Gas (Mill. NM®) 3777.00 5375.00 ~—-G 331.00 2416.60 3182 CO — 2323:00 
(3) BFGas:Coke(M{/T) .  . 2578.09 2945.00 3189.00 2421.00 3115.00 2775.00 
(4) Consumption of BF GAS (Mill. NM" 08 6021.00 2599.60 2989.00 2265.00 
(3) %of Cons. to production : 45.00 93.08 3G oo 98.00 
316.60 i700 Cl 59.00 


g. Line/Blec 
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By-product energy and its contribution 


38. Main by-product energy sources are (a) coke 
oven gas and tar products (b) B.F. gas and (c) LD 
gas. Tables 3/14, 16 gives the efficiencies of genera- 
tion and consumption of coke oven gas and blas: 
furnace gas. Table 17 summarises the performance 
in 1976]87 in each of the steel plants. 


(i) Coke Oven Gas : 


(1) The importance of coke oven gas can be 
judged from the fact that it represents 15- 
18 % of the total heat input of blended 
coking coal charged to coke oven. Blend- 
ed coking coal charged to coke oven plant 
again represents 67-80 % of the total input 
energy to the entire steel plant. 
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(ii) Blast Furnace Gas : 


(1) Blast furnace gas is the weakest gas having 
its calorific value per NM* varying from 
860-900 K. CALINM®. The quantity genc- 
rated at blast furnace, however, is quite 
large as a result of which B.F. gas contri- 
bution ranges between 8-17 % of the total 
energy input to the entire plant. 


(2) BF gas can be very successfully utilised 
after mixing with coke oven gas. It is seen 
that production of BF gas varies from 2421 
to 3184 cubic metres per tonne of coke 
input. The percentage of utilisation varies 
from 95 to 99 % of production. The con- 
sumption of the gas at process centre caa 
be controlled by proper ignition control 
instrumentation. 














(2) It is the richest in calorific value compared %, 
to BF gas and LD gas having a calorific (ii) L. D. Gas : 
value ranging from 3900-4300 K.CAL/ Data on LD gas generation, recovery, consump- 
NM°. It is also a clean fuel for heating tion and losses could not be obtained from 
purposes at different process centres of the steel plants. TISCO, however, has stated 
steel plant. that the oe recovery of LD gas is ap- 
: roximately 45-49 NM°*/T of steel made 
(3) Production of CO Gas per tonne of coal frou LD pouverien This figure compares 
varies from 255 to 288 cubic metres. _ Also, less favourably with Nippon Steel Corpn. 
for some plants the consumption is 91- (Japan) which recovers 102 NM® per tonne 
93 % of production, while it is 99- of steel made from LD converter. This 
100 % in others. The present generation, gas is quite rich in calorific value (calorific 
consumption and losses need careful plant- value is approximately 2000 K. CAL/ 
wise scrutiny for improvement. NM?) and can be mixed with coke oven gas 
(4) Consumption of CO Gas at different pro- for efficient use. 
cess centres can be improved by installa- Steam, Electricity and Oxygen : 
tion of precision control instruments suck ; 
as microprocessor. 39. As already mentioned, steel plants generate 
steam, electricity (through co-generation _ principle) 
(5) Coke oven gas can replace or reduce the and oxygen. The performance of individual steel 
consumption of liquid hydro-carbon which plants in these aspects is given in the body of the Re- 
is much costlier per unit of energy com- port. Table 16 summarises the performance during 
pared to coke oven gas. 1986-87. : 
TABLE 16 (CTY 3/18, 20 & Annex 3/6) 
Production and Consumption of Steam- Electricity and Oxygen 1986-87. 
Unit Code 
Item eis ee renee mem crerareemne eee ir armen ce meinen 
010 022 021 024 023 025 
I. Steam— 
1. Gvheration (000T) . ; 6828. 00 5677.0 10987. 00 3768.00 2609.00 
2. ‘@oiler Efficiency (%) . Z : ‘ QuU.os ot £0 82.40 81.83 78.10 
3. Unantity passed through Turbine (000 T) 3294.00 2286.00 4934.00 1524.00 32.00 
4. Overall Thermal Effcicney of Power G. nore von 
(%) : ‘ : . : : : 12.33 25.60 22.10 22 20 22. 60 
5. Steam consumption in power Gencreivor (000 | 3334.00 2017.00 10989.00 1769.00 2537.00 
Il. Electricity (000 MWH) 
1. Generation ; 759. 60 421.40 611.40 299.50 65.50 132.40 
(63) @9) (42) G31) (17) (50) 
2. Purchase . 477 60 1017.40 847.60 659.90 315.40 130.00 
(37) _ Td (58) (69) (83) (50) 
3. Totalavailability 1270 20 1439.80 1459.00 959.40 380.90 262.41 
4. Operational Consumption 691. 80 1283.40 1140 20 743.10 258.30 NA 
Hit, Oxygen 
1. Production (Mill. NM) . . ; : : 106.70 299.50 270.50 129.99 45.10 No 
2. Elec. Power consumption/Tonne of Oxygen Frocn. Oxygen 
- (NM . : A : 2 2 : : 0.58 1.06 Q 21 1.43 0.93 Plant 
3. Consumption (Mill. NM3) 106.70 229.50 195.00 98.50 42.80 
Neg. 75.50 22.40 2.30 


4. Line/Bleeder 1008 (Mill. NM®) 





Secondary Energy Sources and their contribution. 


Use of non-coeking coal for steam and electrical 


power: 


40, Non coking coal contributes from 10-24 per 
cent of the total energy input to the entire steel plant 
(Ref, Table 6). Its judicious use and efficiency in 
generation of steam and electrical power will improve 
the overall energy efficiency of the plant. The follow- 
ing observations, however, could be made from the 
data presented in Table 16. 


(1) The boiler cfficiencics of the plants vary 
from 52 per cent to 85 per cent. Modern 
boiicr ensures a boiler efiiciency of more 
than 82 per cent and as such the scope of 
improvement in boiler efficiency exists. 


The steam passed through turbine by the 
different units is quite low meaning thereby 
that the full potential of co-generation of 
electrical power and simultaneously meeting 
the steam requirement cf the process cen- 
tres have not been made. This needs scru- 
tiny for improvement. 


(3) The overall thermal power generation varies 
from 12 per cent to 34 cent. Modren 
thermal power station ensure nearly 35 per 
cent of thermal! efficiency for generation of 
electrical power using non-coking coal. This 
also needs to be improved, 


(4) Table 16, which gives the percentage of 
power generated at different plants to the 
total availability of the power, indicates the 
dependence of the Steel plants from the 
gtid power which is purchased. On an over- 
all basis it may be stated that SAIL planis’ 
dependence on electrical power from grid 
is about 60 per cent, the other 40 per cent 
is being captively generated. 


41. As for oxygen, during the year 1986-87, 35 
per cent of the total steel production was from LD 
converter which uses oxygen in sufficient quantity for 
steel making. In future years the share of steel mak- 
ing from LD converters will increase thereby deman- 
ding more oxygen for use at the integrated steel plants, 
It is, therefore, necessary that the generation of OXy- 
gen, its consumption and losses are such that there is 
improvement in energy efficiency. The following ob- 
servations could be made from the data presented in 
Table 16, 


(1) The power consumption per NM‘ of oxvgen 
produced varies from 0.21 Kwh to 1.13 
Kwh. Normally this should be 0.60 Kwh 
per tonne as indicated in IISI Reference 
Plant. Indian plants, therefore, are requir- 
ed to reduce the electrical power consump- 
tion per unit of oxygen generated. 


The consumption of oxygen per tonne of 
liquid steel made at LD converters may be 
observed from Table 17. 


(2) 


TABLE 17 (CTT 3/26) 


Consumption of Oxygen for Liquid stect 


Tiem Year 
ee a 2 
~ Oxygen consumption in NMS/T of biquic sto} rand 1982/83 
from LD converter. i 1983/84 
(984-85 
1985-86 


The above table indicates that except 
Rourkela ail other plants are using more 
oxygen per tonne of liquid steel made. This 
needs a scrutiny and corrective actions for 
reducing oxygen consumption per tonne of 
liquid steel. 


(3) Line!Bleeder losses in Indian plants are ap- 
preciably higher. It is more so in the case 
of Bokaro Steel Plant. This also needs 
careful scrutiny and corrective actions. 


(4) Tt was observed that at present there are not 
sufficient control instrumentation at oxygen 
plant. The uperadatica of instrumentation 
employed at oxygen plant will improve the 


1986/87 


Unit--NMB3/T of liquid stecl. 





Unit Code 





010 022 024 021° Remarks 
3 4 5 6 7 
= 48.5 94.31 World Average 
58.97 : 48.2 131.25 56.2 NM3/T for 
68.70 ae 46.97 126.46 blowing only, 
65.5 67.3 47.37 88.97 . 
62.0 67.5 


54.59 91.70 4 


% 
pe ne tae 





overall efficiency of oxygen generation. The 
energy efficiencies of generation, consump- 
tion and losses in respect of compressed 
air and water have not been dealt with. 


Possibilities of energy conservation : 





42. The possibilities of energy conservation by way 
of stable operation with uniform quality raw mate- 
rials through short-term measures and medium-term 
and long-term measures i.e. through investment (tech- 
nology is improved or upgraded) are identified in this 
scheme. To achieve these, an itegrated approach in- 
volving various agencies and with different types of 
investments are required. The success of energy con- 
servation will depend on well-defined schemes!projects 


in which the coordinati 
achieved as t 
coordinated e 


on of different agencies is so 
O generate a synery. This concept of 
ffort to achieve synergy of action has 


XXXi 


18. 


TABLE 18 (CTT 5/1) 


been structured in this report as given below in Table 








Measures of Energy conservation 


43. The choice and sequencing of the above mea-= 
sures Would vary from plant to plant depending upon 
the needs. In the choice of measures, a prior apprai- 
sal of the benefit-cost relationship as also procedures 
for monitoring the effect of the measures would be 


Relevant Ager.c’es 





(1) 


1. Optintisation of Operations 


(a) Higher capacity Utilisation 


(b) Improvement of quality raw 
materials. 
(c) Proper instruction of cach proccss 
centre 
2. Retrofit Technology/equipment improve- 
ments. 


3. Upgracation of Technology of marufac- 


~ Q@) 


Remarks. 


Bg) 





Piant Managements 


Plant Mans gcments 
-CO- 


-CO- 


1, Plant managemerts. 


ture (for SE & grass-root plants) through 2. Planring Commission 


modernisation. 


3. Financial Institutiors. 


4. Improvenient of quality & quantity supply A. Thermal Energy 
of coaland elzctrical power supply from Coa/: 


slate grids, 


Criteria for Efficacy of Measures 


(a) Dep:t. of Coal (Govt. of India) 

(b) Coal Linkage Comntittve 

(c) CIL 

(d) Plant Managements. 

B. Electrical Power 

(a) State Elcetricity Board. 

(b) Plant Management. 

(c) Govt. Policy for captive generation. 





TABLE 19 (CTT 5/2 TO 24) 


This can be achieved by marg‘nal and 


short term investments (investment 
limit upto Rs. 10 lakhs). 
-CO- 
-do- 
This neecs medium term medium 
investment (investment between Rs. 


10 lakhs and Rs. 50 lakhs). 


This needs longterm high investment 
(investment limit above Rs. 50 lakhs). 


Coql and Electricity 
Periodical reivew of performances should 


be cone by 
(a) CILin respect of coking coal’s qua- 
lity supplied to steel plants. 
(b) Plant Management & 
(c) SEBand Report submitted to Govt. 
for corréctive actions as and where 
called for. 


necessary. Some of the procedures and criteria for 
judging the efficiency of the measures are indicated in 
the Table below and some results of their application 
to individual cases presented by way of illustration. 





Optimisatior of Operations 
(1) Incr asing Capacity utirisa tion 


M.asure 





Criteria 


“Resul ts/Rema rks 





value in a chemical process wher. Operations 


are stable, an increase in capacity utilisation 
will result in reduction of energy consumption/ Open Hearth 


As cnergy consumption assumes a miniumm Ar exercise by BICP with available cata gave 
the following equations. Blast Furnave log 


Log E=2.9690--2.2277 log c.u. 


(2) Improvement in quality of 


input matcriais. 


tonne of output tillthatstageisrcachcd. By log E —- 2.100 —1.049=1o, c.u. These would 
fitting a relationship between energy con- show that for a 10% increase in capacity 
sumption/tonne (E) and capacity utilisation, utilisation. nergyconsumption/iorne would 
the eTect of the latter on the former can decrease by 12.3% in OF and 10.5% in 


be measured. OHF. 


Slag generated may be taken as a proxy for qual- The relationship between slag and cnergy 


consumption/tonne shows that for 10% 


ity of raw materials. As inthe case of capa- 
reduction in slag, E will decline by 5.53%. 


city utilisation, a 1cgression retationship will 
provide a mzasure of the impact of slag on 
cnegy consumption. These will reduce spe- 
cific energy consumption t hrough better con- 


trol, ; _ 7 = 





“652 Ind. /89—5 
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Measure 


Criteria 


(3) Instrumentation and Control 
Systm. 


(4) Retrofit technology. 


period. 


tion, 
period can be the criteria. 


-do- 


(5) Upgradation ef tcchnology. 


(6) 


Impsovemenrt in quality of 
coking coal, 


Improvement of quality of 
electrical power. 


sumption. 





Investments and Annual savings due to energy con- 
servation measures. 


44, Based on functional relationships between spe- 
Cific energy consumption and other co-related factors 


Techniques of Benefit costanalysisand payback 


This again reduces specific energy consump- 
Benefitcost analysisand pay back 


Miasuring the decrease in energy consumption 
cue (0a Cecrease inash cont 


M-asuring the cifct of ful! quart’tative ard 
qualitative supples on sp.cific energy con- 


= Results /Rema rks 


Pay beck period yvaras between [2 and 18 
months, 


Pay back period varies between 18 to 24 
months. It is suitabic wher. substantial cx- 
pansion is not pianred. 


The pay-back period varics between 40 16 60 
months. [1 is suitable when substantia, 
expansion is plann¢, 


RDCIS has cstimated that 0f£°% écercase in 
ash content recuces cok: rate (Kg./THM) 
by 25% Well defin.d policy and action 
programme n-cccd for supply of 17% ash 
content coking coal from CIL. 


nt oF cok. 


At full quartitative supply, spc cific crergy/t 
Of saleable steel reduces by 5% at full 
quality Of power, it r.cuces by 10% Well 
declined policy and action programme 
neeced so thar SEB can supply power of 
required quality and quantity. 


as give above as Well as the analysis of one-time in- 
vestment cost against yearly benefits, the total scena- 
rio, of energy conservation may be critically observ- 
ed_as presented in Table 20 below : 


TABLE 20(CTTP 5 24) 


Total Scenario of Investment Cost vis-a-vis yearly benefits of Energy Conservation Measures. 


Sl. Identified Possibilities of Energy 
No. Conservation. 
prieet.vel 


1. Operational Optimisation 
(a) 10% higher capacity uHsation at 
(i) Blast furnace 200 
(ii) Open Heart Furnace 2.5) 
Sub Total (i+ ii) 
(b) Improvement in raw Materials quality by gen-rat- 
ing 10% iess siag. 200 
(2.5) 
(c) oper Trstruninta ton and Control 100 
(1.25) 
Sub Total 1 (a,b &c). 500 
(6.67) 
involving short term low investments (investment 
limit upto Rs. 101akhs per project) 
9. Retrofit Technology investment Rs. 10-—50 lacs 2000 
(26.67) 
2500 


Sub Total of 1 & 2 
(Ref. Ta ble—-1L, Chapter 5) 


(Onit : Rs. sakhs) 


Ore time estimated In- Yearly Savirgs (Birefits) — Benefits 
yestment cost at (1986-87) at (1986-87) Price kvel 


mae 6S RG 
Cost 
“Unit Code ——. 
020 010 020 “ol0 
800 1213 5827 6.06 7.2 
(1.53) 709.96 2293-04 3.55 2.6 
1922.96 8120.04 9.61 10.41 
(33.06) (22. 88) 
1800 242.5 2926.55 1.21 1.63 
(3.4) (4.17) (8,25) -_ 
2000 150 2000 1.50 1.00 
(3.8) (2.58) (5.6) 
4600 2315.46 13046. 59 4.63 2.84 
(9.66) (43.56) (42.10) , 
8000 1200 4000 0.6 0.5 
(16.81) (22. 58) (12.91) 
12600 3515.46 —-:17046.59 1.41 1.35 


XXXII 


dt) a (2) a. (3) (4) 5 (6) (7) (8) 
3. Upgracation of Tichnology by modernisation 
CGinvestmentabove Rs. 50 lakhs) 5000 35000 [800 9000 0.36 0.26 
(Ref. Tabie 13. Chapter 5) (66. 67) (73.53) (33.06) (29.04) 
4. Improvem. nt of state grid supply of Eleetricar 
power NA NA NA 4945 NA NA 
((5.96) 
5. Grend To af 7500 47600 5315.46 30991. 59 0.71 0.65 
(100) (109) (100) (100) 


Table 20 provides important information as given 
below :— 
(1) Increased capacity utilisation, improvement 

of raw materials quality and proper instru- 
mentation of process control need marginal 
investments and savings (benefits) arc consi- 
derably high, compared to equipment im- 
provements and upgradation of technology 
by mode2rnisation. 


(2) Modernisation at high investment cost with- 
out achieving operational optimisation a:d 
improvement in infrastructural support 
(electricity, transport, proper quality coking 
coal) does not lead to improvemnet to over- 
all economy of the steeJ] industry. 


(3) There shouid, therefore, be sequential prio- 
ritisation of investment (i.e. short, medium 
and long term in that order and in suitable 
combination 07 the types of investment as 2 
package) so that maximum benefit is first 
derived out of minimum investment. Larger 
investments should be undertaken only 
after achieving the success of the lower in- 
vestments. This will make all energy saving 
investments self-financing. For this purpose, 
coordinated investment planning is required. 


To justify and strengthen the above contentions fur- 
ther, the experience of Japanese Steel Industry (NSC) 
may be cited as preseated in Table 21. 


TABLE 21 (CTF 5/25) 


Energy efficiency measures adopted by Nippon 


Steel Corpn. (Japan) during 1974 --1980 








tem Years Remarks 
1974 1975 1976 1977 1978 1979 1980 
air nd feast pect pete be A EA tat ; oe = iia a" fe apes = zane oS aia ai ns , 5 5 

Crude Stcel Protuction (Mill. Tonnes) 37.4 32.8 35.0 32.3 32.7 34.3 32.4 
Investments in cncrgy saving projects (Mill. 

US Dollars) 50.0 24.8 38.7 36.9 Thed 65.4 123 
Total Encrgy saving % : : ; 1.9 332, 1.5 1.2 3.1 1.7 0.3 
Operational improvementas % total cnergy 

saving in, Col. 3. 95 63 20 17 51 42 NA 
Energy saving cquipnunt (Retrofit) 

(% of total). ; 11 6t 63 25 NA NA 
Modernisation of equipment (% of tolal) 5 26 19 20 24 NA NA 


The above justifies that it is necessary to a.nicve 
the operational optimisation at first and then resort 
to retrofit and upgr2dation of technologies. The ope- 
rational optimisation can be achieved at a very low 
investment cost and hence they will immediately re- 
flect in Jower cost of production. 


Policies and programmes of Energy Conservation. 


45. Determination of epprepriate policies aad pro- 
grammes of energy conservation conducive to better 
results than hitherto ac'iieved may be attributed to 


“Source : World Bank Technical Papcr No. 22 on Energy Efficicney in Stel Industry. | 


the synergy of mainly the following agencies with 
their identified role 
(1) SAIL & TISCO should plan, co-ordinate and 
execute the various energy conservation 
measures identified in Chapter 5. Speciol 
emphasis is required to be given on (a) 

Proper house keeping (Annex 5|3), (6) im- 
provement in capacity utilisation, (c) Impro- 

vements in the qualit'es of raw materials 

input to variows process-centres, (d) instalJa- 

tion of sophisticated instrumentation and 
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controls, These measures were found to be 
most lucrative from the angle of investment 
cost vis-a-vis yearly benefits. Both SAIL 
and TISCO should prepare a. time-bound 
scheme off energy conservation which opti- 
mises the yearly benetits against one time 
investment in a_ particular plant. This 
should follow the Japanese mode! as pre- 
sented in Table 40. 


(2) To achieve greater operational efficiencies at 


plant level, infrastructural constraints 
should be removed or at least reduced to 
minimum. CIL should improve the supply 
of coking coal quality to steel plants «and 
SEB’s must ensure full quantity and quality 
requirements of electrical power to steel 
plants. There may be reward and punish- 
ment clauses for supply of coking coal and 
electricity against standard quality and quan- 
tity requirements of SAIL and TISCO. A 
standard contract is to be developed by 
SAIL for CIL and SEB’s supplies. 


(3) Government of India—particlarly Depart- 


ment of Steel—is to co-ordinate all activi- 
ties of different agencies identified above. 
As MOU is in the process of experimenta- 
tion, Government of its own should iden- 
tify how budgetary and fiscal supports in 
the administered price fixation of steel en- 
sure healthy development of steel industry 


with explicit incentives for cost reduction as 
main strategy and energy cost reduction as 
part of the same. Government through its 
well-defined policy measures should re- 
move the constraints on (a) quality of cok- 
ing coal being supplied by CIL and (b) 
Electrical Power being supplied by SEB’s. 
There should be no state duty on captive 
electrical power generated by the steel 
plants. 


(4) In the total energy conservation strategy, 


three other factors are also of major impor- 
tance. These are (a) a closely monitored 
annual energy management programme in 
each integrated steel plant, (b) investmenst 
should follow a sequential order of low, 
medium and high investment the latter sta- 
ges to be taken up only after the former 
stages have demonstrated successful com- 
pletion and made the latter stages of invest- 
ment self-financing to a larger extent; in 
addition, the hard option of ‘management’ 
in matters of operational optimisation, high- 
quality maintenance and by-product reco- 
very should first be exercised before any 
major (i.e. medium, and above) investments 
are made, and (c) motivational inputs 
should be incorporated in the management 
for converting labour from a mechanical 
‘factor of production’ to a ‘human reso- 
urce’, 


CHAPTER 1 


INTRODUCTION 


Reference 


1. Following the recommendations of the Cabi- 
net Secretary in a meeting of “Special Committee 
of Secretaries on Energy” on 5th March, 1984, 
the Advisory Board on Energy requested BICP to 
undertake energy audit of the following six energy- 
intensive industries : 

1. Cement 
Aluminum 
. Steel 
Fertiliser 
. Paper & Pulp 
6. Petrochemicals 


wk wh 


Subsequently to the above list of six industries, 
Potroleum Refinery Industry was added during 
October, 1985, making the totai of seven  energy- 
intensive industries for comprehensive energy audit 
studies to be conducted by BICP. 


2. The above six industries account for more 
than 60% of the total energy consumption for the 
industrial sector of the country. Since energy isa 
scarce and high cost resource of the country and it 
is a critical and principal element of growth of our 
economy, the study is held to be important from 
the national economy point of view. Apart from 
the national importance being attributed to the 
study, there is an induced crisis forced upon our 
developmental efforts due to unforeseen oil crisis in 
1973. This forced us along with many other deve- 
loping countries to make a continuous efforts to 
reduce our specific energy consumption of indus- 
trial products since the energy cost had continued 
to rise at higher rate due to abnormal rise of pet- 
roleum and other sources of energy beyond the 
controls of the country. Keeping in view the above 
background, this report on energy audit of integ- 
rated steel plants is directed towards an analysis 
on the following lines with the ultimate objective 
‘of reducing specific energy consumption and reduc- 
ing cost of production : 


Status of the Industry 


The present status of the industry with 
its historical background and its total an- 
nual input of all primary sources of en- 
ergy (coal, hydrocarbons and_ electricity 
with various product-mix as output and 
the annual consumption of these primary 
sources of energy in useable form (steam, 


coke, coke oven gas, blastfurnace gas, 
electricity, etc.) at each integrated steel 
plant of the indusry. 


2. The time trend of changes of technology 
and its effect on specific energy consump- 
tion (specific energy ccnsumption has 
been reckoned as the energy consump- 
tion in thermal unit per unit cutput of 
crude steel). 


Collection and analysis of Basic Data 


3. The present and the recent past of speci- 
fic energy consumption pattern of various 
forms of energy with product-mix, raw 
material quality and capacity utilisation vis- 
a-vis the operational controls exercised 
by the industry while energy is consumed 
at each process centre. 


Study of Energy Efficiency Measures 


4. The critical anlysis. of the energy consump- 
tion presently being followed and to find 
out the ways and means that can be ad- 
opted at plant level for reduction of spe- 
cific energy consumption by increasing 
operational efficiencizs with no or mar- 
ginal investments. 


Cost-Benefit of Energy Conservation Projects 


5. The different options and types of feasi- 
ble investments vis-a-vis the possible bene- 
fits in respect of energy conservation pro- 
jects need to be identified. Since most 
judicious capital investments are required 
to be made energy conservation projects 
hould be classified and identified for 
short-term (low cost), medium-term 
(medium cost) and longterm (high cost) 
basis and their relative cost-benefit status 
should be analysed in depth so that invest- 
ment decision can be taken for maximum 
benefit at minimum cost of the national 
economy. 


Policy Measures 


6. The study is designed to Lring out and 
substantiate the appropriate government 
policies and the action programmes to be 
taken up by the manufacturing units with 
the identified tole of the monitoring 
agency, so that the national goal of  en- 
ergy conservation in this industry could 
be achieved. 


Methodology 


3. On 3ist July, 1984, Bureau issued a compre- 
hensive Questionnaire to all integrated steel plants 
of SAIL and also to TISCO soliciting relevant in- 
formation for the study. The Questionnaire sought 
information on technology and relevant aspects of 

watergy generation and consumption at cach 
process centre of the manufacturing plants of inte- 
grated steel plants. Process details and required 
operating perameters have also been asked for in 
the questionnaire to reélate the compatibility of 
efficiency of energy usages in various process cent- 
res of the units. Bureau reccived partial replies by 
the end of 1984. The scrutiny of tie partial replies 
showed that either incomplete information had 
been given or it was not sufficiently in detail to 
make an assessment. Bureau had, therefore, to 
write several times to the units to solicit specific 
answers to its questions in sufficient detail. This 
was followed by the visits of the technical officers 
of the Bureau together with its cost accounts ofli- 
cers. Bureau had earlicr made a comprehensive 
study directed towards the determination of norma- 
tive cost of production and fixation of fair price 
for this industry which was submitted to the gov- 
crnment in October, 1982. Bureau has, for the pre- 
sent study, also made use of. the comprehensive 
cost-price study made during 1981. As Bureauwas 
occupied intensively with other energy audit studies, 
tthe data supplied by the industry earlier became 
backdated and hence a fresi Questionnaire to un- 
date the previous data was made and sent to the 
units in early 1987. This report has been made on 
the basis of earlier data as well as data obiained 
from Questionnaire of early 1987. 


4, Bureau engaged Economic Research Unit — at 
Delhi working under JPC to give valuable techno- 
economic inputs to this study. Bureau wishes to 
record its appreciation of the assistance ebtained 
from Economic Resource Unit under JPC. In addi- 
tion to the above assistance, Bureau made exten- 
sive dialogues with M:s. M.N. Dastur & Co. 
MECON and Research & Development Centre for 
Iron and Steel (RDCIS) of SAIL at Ranchi. 
BICP’s approach towards energy conservation mea- 
sures with their effect on saving on costjannum was 
presented in a seminer at RDCIS, Ranchi, on 31st 
May, 1988, when, besides officials of RDCIS, the 
representatives of MECON and SAIL were also. pre- 
sent, This presentation and the deliberations thereon 
had helped BICP to formitlate its views on energy 
conservation «measures. SAIL’s corporate office 
besides giving the necessary data has also heiped in 
proper evaluation of energy conservation projects. In 
this Report the Bureau has highlighted the necessity of 
proper instrumentation and management information 
systems (MIS) that are necessary for proper evalua- 
tion and also for monitoring of energy consumption 
data at various process centres of the steel plants. 
Integrated steel plants not only produce their nor- 
mal products by consuming readily usable from of 
energy (viz. Purchased electrical power, but also 
process various primary sources of energy which 
act as utility department where mode of working 
and energy management has also been highlighted 
in this report. This report is a part of the com- 
prehensive BICP study of the Indian Steel Indus- 
try with the objective of ‘how to make Indian Steel 


internationally competitive’. 


CHAPTER 2 


BACKGROUND AND THE PRESENT STATUS 
OF THE INDUSTRY 


Historical Background 


1. India. occupied a place of great eminence in 
the art of iron and steel making in the ancient 
world. The modern steel industry, however, was 
ushered in the year 1907 when Tata Iron & Steel 
Company (TISCO) at Jamshedpur came into exis- 
tence, Jamshedpur Steel works came into opera- 
tion in stages during 1911-1912. In 1919, Indian 
Tron and Steel Company (TJSCO) was established in 
the year 1923 Mysore Iron & Steel Works came into 
existence. Upto the end of the World War II 
(1945), these three main units in India were pro- 
ducing nearly 1.7 million tonnes of pig iron and a 
million tonnes of ingot steel annually. The develop- 
ment of modern steel industry began after indepen- 
dence during Second Five Year Plan. Three integ- 
rated steel plants in public sector each with one 
million tonnes of ingot steel capacity at Bhilai, 
Durgapur and Rourkela came into operation during 
1959-1962. During this period the capacity of 
TISCO was expanded to 2 million tonnes and IISCO 
at Bumpur to 1 million tonnes. With the commis- 
sioning of Bokaro Steel Plant in Bihar during 1973, 
the installed capacity gradually went into 11:4 
million tonnes in 1986/87. The steel plants. in 
India at present are firmly established and_ striving 
for modernisation and upgradation of technology so 
that cost of Indian produced steel is competitive in 
price and quality. 


Process of Manufacture 


2. Steel is an alloy of iron (Fe) and carbon (c) 
which is obtained by reducing iron ore (containing 
oxide of iron, silicon, alumina) with the help _of 
coke and limestone at an elevated temperature 
(1500°C) at blast furnace and subsequently purify- 
ing with carbon at the steel melting furnaces. The 
product that comes out of the blast-furnace is known 
as hot metal which may either-be .cast as pig iron or 
sent to steel melting furnaces for purification and 
alloying with carbon. The hot metal contains car- 
bon in graphite form which needs to be burnt out 
so that remaining carbon may form alloy with iron 
and depending on the percentage of carbon the 
steel may be designated as a low carbon, medium 
carbon and high carbon steels. The liquid steel 
from steel melting furnaces is either cast as ingot 
for rolling into blooms, billet, slabs, etc., after re- 
heating or the liquid steel is continuously cast and 
rolled to finished products without making Ingots 
and rolling the Ingots into blooms, billets and slabs. 
A simplified diagram of steel making at integrated 
steel plants and at mini-stee) plants (fig. 1) is pre- 
sented below for better comprehension of process- 


flows with process-centrewise input-output of mate. 
tials and energy. 


4 


Trend in Technology Developments 


3. Before the energy crisis, the technology of 
obtaining crude steel at integrated steel plants all 
over the world was through the route of blast fur- 
nace, Bessemer-converter doen hearth furnaces 
to cast ingot steel which was reworked to blooms, 
billet or slabs and then to different sizes and sections 
after reheating the semis to a temperature suitable 
for re-rolling. This process apparently suffers basi- 
cally from the consideration of inherent high energy 
consumption per unit of output of both crude steel 
and finished products. After the energy crisis, all 
developed countries and also many developing 
countries were making intensive efforts to modify 
the process technology to reduce specific energy con- 
sumption, The new basic approach in this direction 
consists of the following : 


1. Since, Iron making at Blast furnace con 
sume nearly 70 per cent of the total 
energy-input to the total system how to 
reduce coke and other energy input’s con- 
sumption per tonne of hot metal with 
higher blast furnace productivity or is it 
economical to eliminate the blast-furnace 
route and obtain sponge-iron by direct re- 
duction of iron-ore by teducing gases or 
by non-coking coal ? 


2. How to teduce specific energy consumption 
at stcel melting furnaces with higher pro- 
ductivity. This led to the introduction of 
basic oxygen furnace replacing the old 
open hearth furnace of steel making from 
hot metal, 


3. How to avoid reheating of colg ingot to 
rolling temperature which gave rise to 
continuous casting process to billets, 
blooms and slabs and avoiding Ingot mak- 
ing and primary rolling to semis, 


4. How to utilise waste heat at the plant for 
better energy management efficiencies. 


5. How to increase generation and consump. 
tion efficiencies of Secondary sources of 
Kei (viz. C.O. gas, B.F. gas and L. D. 
gas). 


It is, therefore, held worthwhile to examine the 
above trend of change of technology that occurred 
in developed countries after energy crisis and com- 
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pare the same with India. The presently adopted 
technology in India vis-a-vis cther developed coun- 
tries taking various routes for obtaining crude steel 


may be observed from Table 1(A). The year-wise 
trend in India of the same from 198283 to 1986-87 
is shown in Table 1(B). 


TABLE-~1 (A) 


Treuds in Steelmaking Process in World’s Steel Production vis-a-vis India (°4 of Total Production) 


Unit—Per cent 














Country/Zone 1960 1982 

Basic Open Electric Oiher* Basic Open Electric Other 

Oxygen Hearth Furnace Oxygen Hearth Fu’nace 

Furnace Furnace Furnace Furnace 

(0) (i) (2) (3) (4) (5) (6) (7) (8) 
Western Europe} 3.4 . 48.8 i1.2 36.6 69.2 2.2 28.6 
EEC 2.2 37.8 10.4 49.6 73.6 0.5 25.9 . 
Others : 5.9 72.4 13.1 8.6 52.4 11.6 36 . 
North America @ 3.2 87 8.7 1.1 60.6 9 30.2 . 
United States . 3.4 87 8.4 ee 60.7 8.2 31.1 ve 
Japan 11.9 67.9 20.2 — 73 4 NIL 26.6 NIL 
Sap-total 4.1 67.5 il 17.4 68 4 3.2 28 4 oe 
Eastern Europe’, : 3.1 85 9.1 2.8 30.5 56.5 12.5 0.5 
USSR 2 3 3.8 84.4 8.9 2.9 ° 29.5 59.1 10.9 0.5 
Others 0.1 87.3 9.7 2:9. 33.9 47.1 18.3 0.7 
Total 3.8 71.8 10.5 13.9 54.4 22.9 22:35 0.2 
NA NA NA NA 24 53 22 1 


India (1 982-83) 


— 








* Tacha ding Thon7 stoelmiking process, tExcluding Switzerland, @Canada & US,  .*.Excluding Czechoslovakia, 1982 


data based on 1981. 


For 1950 data : United Nations Economic Commission for Eu ope, Structuyal Changes inthe Iron & Steel Industry (1979); 











Sources: 
for 1982 data International Iron & Steel Institute. 
TABLE—~1(B) 
Trend in Steel Making Processes in India’s total crude Steel Production 
Thousand tonnes 
“Producérs : Process 1982-83 «1983-84. 1984-85 1985-86 1986-87 
a ia ae: 3 4 5 6 7 
SATL 
LD Converter eat see 73 454 704 
Bokaro . LD Converter 1829 1681 1925 2003 2056 
Durgapu' Open Hearth 952 806 760 875 922 
Rourkela Open Hearth 221 214 243 241 198 
LD Converter 923 874 876 935 902 
TIsco Open Hearth 624 543 444 565 528 
ASP’ . Electric Furnaces 81 67 85 101 134 
Total SAT Open Hearth 3927 3400 3372 3572 3174 
LD Converter 2752 2555 2874 3392 3662 
Electric Furnaces 81 67 85 101 134 
Total 6022 6970 


6760 6331 


7065 








652 Industry /89—~6 





1. 2 3 4 5 6 7 














TISCO . ; . : . Opn Hearth 1941 1562 1432 1406 1375 
LD Converter ao 362 466 470 550 
Electric Furnaces 5 5 ios at ats 
Total 1946 1929 +898 1876 1925 
VISL. ‘ Z ‘ . Open Hearth 20 1 17 13 wae 
LD Converter 23 22 33 22 3 
Electric Furnaces 40 35 39 35 53 
Total 83 58 89 70 56 
Others. . : . . Electric Furnaces 2234 2424 2330 3020 3078 
Total. : : . . Open Hearth 5888 4963 4821 4991. 4549 
LD Converter 27715 2939 3373 3884 4215 
Electric Furnaces 2360 2531 2454 3156 3265 
G-and Total 11023 10433 10648 12031 12029 
Percentage F : . Open Hearth 53 48 45 42 38 
pr? duction by different LD Converter 25 28 32 32 35 
pr cesses Electric Furnaces 22 24 23 26 27 











Source — SAIL. 





It may be observed from Table 1A and 1(B) that world, has completely eliminated its steel produc- 
the production of steel from open hearth furnaces tion from open hearth steel melting furnaces, The 
has substantially reduced all over the world from impact of energy consumption per tonne of crude 


71.8 per cent in 1960 to 22.9 per cent in 1982 . : : 
while the production from basic oxygen process: has steel for different processes of stee} making as work- 


increased from 3.8 per cent in 1960 to 54.4 per cent ed out by Nippon Steel Corporation (NSC) of Japan, 
in 1982. Japan, a leading steel producer in the may be observed from Table 2. 


TABLE 2 
Energy Consumption by Steel making Process (G, Cal per tonne of Crude Steel) 








BF --BCF 
































BE--OHF DR- EAF Scrap--EAF 
Gol % Gal of Geal -% Gaal o 
Tron making 
Sinterand pollet plant. : : ‘ 0.7 11.6 0.7 10.3 
Cok Ovens . : : : : : 0.4 6.6 0.4 5.9 
Blast fu nace/DR unit consuming gas or 
Non coking coal to produce sponge iron 3.2 53.4 3.0 47.0 3.4 57.6° 
Sub-Total Gi) . : ‘ A ‘ , 4.3 71.6 4.1 63.2 3.4 57.6 
Steel making @ 
BOF/OHF/EAF : ‘ : ‘ : 0.2 3.4 11 14.7 1.4 23.7 1.4 56.0 
Sub-Total (ii) . F é . 7 * 4.5 75.0 5.2 77.9 48 81.3 1.4 56.0 
Rolling mills. 2 : : 2 . 1.0 16.6 1.0 14.7 1.0 16.9 1.0 40.0 
Power Plant & others : . F : 0.5 8.4 0.5 7.4 0.1 1.8 0.1 4.0 
otal <r se. eo, Pale Cok . See Os 6.0 160.0 6.7 100 0 5.9 100.0 2.5 100.0 








@ {acluiing the p-imary rolling stage and continuous casting to produce semi finished steel products such as slabs, blooms and 
billets. 
*C-ude =steel cast ingot -+- cog.caststeel + Any formof, steelcasting, 


Source: NSC (Nippon Steel Corporation), Japan obtained from World Bank’s Report, Technical Peper 22), 
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It is evident from the above Table 2 that open 
hearth furnaces with blast furnace combination con- 
sumed 15.6 per cent more energy compared to basic 
oxygen furnaces with the same blast furnace combi- 
nation. 


4. Developing countries all over the world are 
experiencing ‘finance’ for capitul investment as their 
greatest constraint and India is no exception to this. 








The technology choice for demand management, 
therefore, tends to take the least investment cost even 
sacrificing some benefits of reduction of variable 
cost by introducing sophisticated technology at 
higher invest rent cost. It is, therefore, relevant 
under Ind’an context to examine the energy intensity 
of conventional! blast furnace route with DR-FAF 
and Scrap-EAF route. This may be observed from 
Table 3. 





TABLE 3 
Comparison of stage-wise specific energy consumption of convential Integrated Steel Piants (Blast furnace route) vis-a-vis DR-EAF 
and SCRAP-EAF route in India 
SI. Ttems Type cf Energy consumed Blast Furnace DR-EAF Route Sc'zp-EAF 
No. wi h unit Unit Route 
(0) (1) (3) (4) (5) 
!, $2. Exergy Cons. (Hot mtalor spongeiron) . (a) Thtrmal G-cal/T 4-8 (5.1)* 40 NA 
(b) Electrical Kwh/T 40 NA NA 
2, SP. Energy Cons. (Ingot Steel) (a) Thermal Geal/T 1.1--2.2 
(1.6)* 1.5 1.4 
(b) Electrical Kwh/T 54 188 700* 668 -883** 
3. Sp. Eatrgy Con. (Semisi.e. billets blooms & (a) Thormal G-ral/T 0.58. -0.89 0 75 1.0 
slabs) (b) Electrical Kwh/T 22-43 40. 40 
4. Sp. Energy Coas. Dowa Stream Products ; : 
(a) Wise Rod Mill (a) Thermal Geal/T 0.52---0.67 0.8 0.9 
(b) Electrical Kwh/T 93—110 100 112 
(b) Strip Mill (a) ‘Thermal Geal/T 0.50 1.65 0 95 1.00 
(b) Electrical Kwh/T 92—-440 250 300 


CO3T OF PRODUCTION 
per tonne of : 
(a) Ingot (‘ 986) 
(b) Saleable finished products (' 986) 


*Average figures. ** BICP’s study of Mini Steel Industry. 
Source: BICP, SAIL, TiSCO, World Bank (Techaical Papor-22} 


A critical examination of the data provided in 
Table 3 and other basic information lead to the 
following observations : 


1. From the point of specific thermal energy 
consumption DR-EAF has marginal 
advantage over conventional route, con- 
suming 4.0 G. Caljtonne of sponge iron 
against 5.1 G.Callt of hot metal produced 
at blast furnace. Scrap-EAF have positive 
advantage in respect of thermal energy 
consumption since it starts witn steel scrap 
which has in built thermal energy spent 
earlier when steel was made and out of 
which the scrap originates. - 


2. From the point of specific electrical energy 
consumption, both DR-EAF ang Scrap- 
EAF processes consume more electrical 
energy. MECON has recently investigat- 
ed the electrical intensity of DR-EAF pro- 

_ cess compared to BF-BOF process for HR 


coil. It was found that for per tonne of 


Rs. 4718--.54° 3** 
Rs. 5498 .- 6896** 


Rs. 2448-3952 NA 
Rs. 4772 6138 NA 


HR coil produced through BF-BOF route, 
only 439 Kwhltonne of electrical energy is 
required while following the DR-EAF 
route, the electrical power requirement 
will be 878 Kwhitonne of HR coil. Elect- 
ric are furnace consumes more electrical 
energy than open hearth or BOF furnace. 
(668 to 883 KwhlT of curde steel in the 
case of Scrap-EAF process and 700 Kwh|T 
in the case of DR-EAF process) than the 
conventional practice of steel making by 
open hearth furnace!LD converters being 
followed at present by the integrated steel 
plants in the country. 


3. The gas based DR-process of mak'ng 
sponge iron and using the same in Electric 
Are process is well established over (95 
per cent of world’s current production of 
sponge iron is gas based). However, the 
marginal advantage of DR process over 
blast: furnace (4 Gcal|T. of sponge iron 
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against 5.1 G. cal!T of hot metal) may be 
lost due to higher gas cost consequently 
higher cost per G.Cal of thermal energy. 


4, The non-coking coal based DR-process at 
present employed in India is experiencing 
great difficuty due to vatying quality of 
coal supplied to the plant, resulting lower 
capacity utilisation and higher cost of pro- 
duction per tonne of spenge iron. 


5. To make DR-EAF and Scrap-EAF compe- 
titive against integrated steel plants, detail- 
ed analysis of other factors such as invest- 
ment per tonne of Steel, input costs, loca- 
tional advantages and scales of operation 
are necessary. It may, however, be 
mentioned here that for a grass-root plant 
of either DR-EAF or Scrap-EAF to save 
energy, continuous casting process must 
be employed to save fuel oil otherwise 
being utilised to heat ingot and rolled to 
blooms, billets and slabs and finally finish- 
ed products. 


6. As evident from Table 3, there is hardly 
any cost advantage per tonne of crude steel 
(ingot) by Scrap-EAF route. 


Trend in Production : World Scenario 


5. World production of crude steel* had shown a 
plateau around 700 million tonnes since mid 1970's 
although there are rapid growth rates in the develop- 
ing countries and less remarkable growth rate in the 
centrally planned economies (CPE), This stagnation 
is due to curtailed production of the countries under 
industrialiseq market economics (IME) since 1974 
due to recessions of demand as a result of which, the 


*Crude steel represents the first solid state of 
liquid steel coming out of steel making furnaces 
which include (a) ingots, (b) continuously cost 
blooms, billets or slabs and (c) steel casting of any 
size or shape. 


capacity utilisation for IME stood at 64 per cent in 
1982. World production of crude steel from 1960 
—~—1982 and projection upto 1990 may be observed 
from Fig, 2. 


6. Against the above trend of steel production in 
world scenario, the position in India is different. 
The historical consumption of steel since 1965]66 has 
increased at a rate of 4% p.a. upto 1980s and after 
1980s the consumption of steel in India has in- 
creased at a rate of 6-7 per cent p.a. can be seen 
Table 3A. : 


TABLE 3A 
Historical Consumptoin of Steel 
(Million tonnes) 





Year Produc- Imports Exports Apparent 








tion Consump- 
tion 

1965-66 4.4 0.7 0.1 5.0 
1970-7] 4.5 0.6 0.5 4.6 
1975-76 5.8 0.5 0.8 5.5 
1980-81 6.8 1.0 ee 7.8. 
198° -83 8.1 1.3 9.4 
1983-84 8.4 0.6 a, 9.0 
1984-85 8.7 107 0.2 10.2 
1985-86 . : 9.0 2.0 .3 10.7 
£986-87  . A 10.53 1.56 12.09 





Sou'ce : World Bank Recennaissence R- port ane SAIL, 


The historical consumption of steel will surely 
not’ indicate that the entire demand of the steel has 
been fully satisfied and as such it is mecessary to 
estimate the demand of steel taking into conside- 
fation the growth pattern of the various end-users, 
Accordingly, NCAER has estimated the demand of 
stee] upto 2000 years based on econometric method 
assuming a growth rate of 4% on GNP and with 
imports restricted. This study is an econometric 
analysis and represents as of today steel according 
to this study can be seen from Table 4. 
































TABLE 4 
(Million tonnes) 
: 1984/85 1989/90 1995/96 2000/01 
Amt. % Amt. A Amt. % Amt. s %_ 
PigIron set 1.6 = 1.9 = 2.5 3.1 oy 
Stel 
Structurals  . ; » 1.6 15 2.1 15 2.7 15 3.7 16 
Bars& Reds. 46 43 58 42 1.7 41 17 41 
Rly. materials : ‘ 04 4 0.5 4 06 3 07 3 
Others. . . 0.2 2 0.2 1 0.3 2 04 2 
SubTotalNonFlat =. i688 a“ $6  € 11.5 61 14.5 62 
Plates . .  - 1 10 1.5 il 21 il 2.7 11 
CR Sheets & Coils . 0.9 8 1.2 9 1.6 9 1.9 8 
HR Sheets, Coils, Skelp . 1.6 14 2.1 15 2.9 16 3.7 16 
GP/GCSheets .. 0.3 3 0.3 2 0.4 2 0.5 2 
TinPlates .  . 0.2 1 0.2 1 0.2 1 0.2 1 
Sub Total Flat iM 38 7.2 39 9.1 38 
Total Steel. . . +4409 £410 £413.9 100 18.7 100 23.6 100 


Source : NCAER. 





NORLD STEEL PRODUCTION 1960-90 a/ 











FIG.<2 
998 906 
é ee 
Zz wr 
7 86 ers 24 y *, 768 
S $ ms ae ‘ o 
> 606+ TOTAL WORLD...” 680 
wy B ‘ ” 
zu é 
© see 568 
tad ati MARKET 
54 CONOMIES 
~ 1p 46 G i F 488 
JQ 
> 2 
© 30¢ 388 
CENTRALLY PLANNED ECO NOMIES _ 
208. ee ee a ee ae 288 
108 aoe. 188 
8 8 
(968 1965 1978 1975 1988 1985 1996 
a 1960 - Z 
2/ 1960-1982 ACTUAL; 1983-90 PROvECTED 
SOURCE: WORLD BANK DATA 


Trend in the Growth of Installed Capacity 


7. To meet the growing demand as projected in 
Table 4, both for the present as well as for the future 
years, the trend in the growth of installed capacity 
in the past, present and future (upto the year 1994| 
95) may be observed from Table 5. 











TABLE 5 
(in mtpy of raw steel) 
Units Late Mid Presont 1994/95 
1940s 1960s (1988 (Projec- 
March) _ tion)* 

TISCO ea 2.0 2.0 3.5 
Iisco : 0.5 1.0 des 
Mini Steel plants 0.1 0.5 3.5 6.0 
(est.) 
Sub total . ; 2.3 345 5.5 9.5 

SAIL Units 
Itsco 1.0 1.0 
Rourkela . st 1.0 1.8 2.0 
Bhilai : ; ad 1.0 2.5 4.0 
Durgapur 1.0 1.6 2.0 
Bokaro 225 4.0 
Vizag 2:5. 
Sub total 0 3.0 9.4 15,5 


Total : : 2.3 6.5 149 25:9 








*B yond | 1994/95 th>re is no positive plan for expansion of 
capacity as it exists at present. 


Table 5 shows that there has been continuous in- 
crease in installed capacities in the steel sector from 
1940s. Against the above installed capacity, the pro- 
ductinn and imports, i.e. the availability of the steel 
at the domestic market may be observed from 











Table 6. ; a 
TABLE 6 
(Million tonnes) 
1981-82 1987-83 1983-84 1984-85 
Domestic Production 7.9 - 8.3 9.0 8.6 
Imp rts 

Canalized . 0.9 1.2 0.5 0.6 
Non-canalized . 1.5 1.5 1.0 0.5 
Total Imports 2.4 27 135 1.1 
Total Availability 10.3 11.0 10 5 9.7 
23.4% 25% 14% 11% 


Import Share. 














Table 6 is self explanatory. The import of steel 
during 1981/82 and 1982/83 was higher because 
of the Government policy of putting various types of 
steel under OGL. This, however, did not continue 
as could be seen from Table 6. 


Future availability of steel by 1994]95 


8. Based on Working Group’s Report, SAIL has 
estimated the domestic availability of steel by 1994] 
95 from various sources, including integrated steel 
plants. The above estimate may be observed from 
Table 7. 


TABLE 7 
Saleable Steel Availability, 1994 95 
(million tonnes) 








Flat 





Sou ‘ce Total Non Fiat 
SAIL. - ; 9.0 5.49 : 5.89 . 
TISCcO.. . F 2.2 
VSP ; : . 2.3 aa 2.3 
Mini Stcel Plants. 2.9 Pe 2.9 
Rerollers from 

Imported Scrap . 0.5 05 
O:hers ; , 0.3 0.3 

17.2 5.4 11.8 





(a) Tfacludes TISCO, breakdown not known. 
Source : SAIL plus World Bank estimates. 


At present there are nc PIB sanctioned new 
projects for expansion or for new plants beyond 
the period of 1994|95. If the above demand pro- 
jections come true, there will be gap between de- 
mand and supply in the year 2000/01 of the order 
of 6.4 million tonnes of steel. This calls for various 
investment options keeping in mind that finance 
for capital investment will continue to re- 
main as a serious constraint in our economy upto 
2000/01 years. The relevance of energy conserva- 
tion to the above analysis of demand and supply 
lies in the fact that if supply has to increase by 
substantial expansions as well as by new projects 
this. will give the unique opportunity of introduc- 
ing better energy efficient equipment, plant and 
machinery, which wil! reduce the specific energy 
consumption with higher productivity. This is being 
analysed in Chapter S. ; 


Energy Intensity of Steel Industry 


9. Steel industry is one of the largest consu- 
mers of energy—both thermal and electrical. The 
industry consumes nearly 109% of the total energy 
requirement of the industrial sector. The relative 
energy intensity of steel industry with resnect to 
other energy intensive metal industry may be ob- 
served from Table 7(A). 

TABLF 7(A) 

Energy Requirements* per tonne of various industrially 

important metals 





Sl. Nime of the Metals _ B. Tix 108 Kilo cal. x1 oe 








No, per tonne per tonne i.e. 
G. cal 
1, M?@neestum : . 325 81 9 
2. Aluminium Ingot 
(Primary Metal) 235 59 72 
3. Tin Ingot . . 172 43 34 
4. Phosphorous. . 156 39 31 
5, Nickel ; . . 131 33 oO! 
6. Coppar (Refined) . 102 25.70 
7. Zine (Sleb) ‘ . 59 14 87 
8. Crude Steel . 37 7--53.5 9 16 (1986-87) 
'16.7—24.6 4.2_-6 2 (other 


dev. coun'ri’s) 





“eT ha above table considers both direct and indirect energy 
inputs to produce one tonne of product. 





i 











7 1. Total energy consumption of crude steel (gross) 
Trend of total energy consumption @ 
: Total Encrgy Input (Ref. Table 9) 
10. Plant-wise trend of total energy consumption Tosletcienee 
(both thermal and electrical) may be observed from 
Table 7(B). @2. Total Energy consumptiont of saleable stcel (gross) 
TABLE 7(B) . ‘Total energy Input (Ref. Table 9) 
Plant-wise trend of total Energy Consumption (Thermal To‘al Saleable steel producticn 
and Electrical) Pear te aeed = 
Unit _ Energy cons. in G. cal/T of e@ derived gross specific energy consumption per 
- a is a aes oe tonne crude steel and per tonne of saleable steel 
. Steel* Steel presented in Table 7(B) 1s only indicative for the 
(gross)@1_ (gross)@2 following reasons : 
a a are 
Ee Se a ay, rp - - 66 1. Saleable outputs of the steel plants are (a) 
1984-85 10 97 13 66 finished product, (b) the semis which are 
1985-86 10 73 12.68 not rolled to finished product and (c) sale- 
1986-87 10.30 12.16 able pig iron. The type of finished pro- 
2. 022 1987-83 10.68 12.38 ducts also varies from plant to plant. 
"1983-84 12,11 1413 . 
1984-85 11.78 13 01 2. As the raw materials got processed and 
1985-86 12.41 14.16 


proceed to intermediate products, different 





1986-87 12.58 13 05 process centres consume different amount 
3.02... 1987-83 15,33 18 34 of energy per unit output of the process 

1983-84 16 89 22.04 centre—some are energy-intensive and same 

1984-85 14 64 19 32 are not. 

1985-86 1529 47 79 

1986-87 14 96 17.63 ‘ ‘ 
‘tei a wgeeea 14.00 16.15 3, Cast crude steel production (mostly in- 
. me oe 1983.84 14 30 18.05 gots) is again achieved by different routes 

1984-85 14.50 16 02 of production by the plants—some exclu- 

1985-86 13.72 16 07 sively by open hearth process, some exclu- 

1986-87 13.56 13.09 sively by LD converter and some by com- 
5.023. . «1987-83 14 76 17 20 bination of both. 

1983-84 16.18 21 66 

1984-85 15.87 19 48 The specific energy consumptions (Ref, Table 7 

1985-86 15.37 13-8 C) hence has been worked out on the basis of bal- 

1986-87 15.25 18% anced flow energy consumption whereby the carry 
6.025 .  . «1987-83 23 38 29 18 over. energy of a particular process centre is taken 

1983-84 25 12 30 72 into the next process centre. This procedure is adap- 

1984-85 27.77 a) ted by International Iron and Steel Institute and 

1985-86 21.26 an ue widely followed by the countries of the world, The 

1986-87 20.70 cae _ balanced flow energy consumption of the integrated 
~“WCrude Steel—Ingot Cast-+Con, Cast+Other Cast Stecl. plants in India is presented in Table 7C. 

TABLE 7C 


Balanced Flow Energy C onsumption based on ISI M-thod in G. Cal per tonné of Crude Steel of different units during 
1982/83 to 1986/87 























S. Unit | YEAR 

A 1982-83 1983-84 1984-85 1985-86 1986-87 
‘oO eo < Oe: @) _@® oO 6 
“010 ee 10 554 9 994 9.760 9.680 9 163 
2 022 Soon whee. ee 9.055 8,926 8.985 9.702 10.552 
3. 021 ar ase er me 10.789 10,962 10.537 10.815 10.629 
Oe eae ee ae 13,464 12,919 21 .334 10,122 11.651 
5, 023 BA ee st, — ae! cele On 10,813 11,756 12\,497 11. 456 an 
6. 025 oo ag te ofan At he 16.313 15.414 19.662 15:, 469 15.904 





, Source :020 and 010° 


A comparison of energy consumption trend in tries will reveal the energy efficiency status of the 
Indian plants with that the other developed coun- Indian plans. This is presented in Fig. 3. 


M.CAL PER TON OF CRUDE STEEL 
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FIG.-3 
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SOURCES: 11S), STEEL STATISTICAL YEAR BOOK , 19603 ASC. 


Prior to the oil crisis the energy consumption figures 
in the developed countries were high, maximum ‘be- 
ing in the United Kingdom during 1960. It is clear 
als» from Fig. 3 that intensive efforts have been 
made by the developed countries for reduction of 
energy consumption after oil crisis in 1973. By 
1980 Japan has reduced the total energy consump- 
tion per tonne of crude steel to the extent uf 4,5 
Goal followed by FRG, United Kingdom, France and 
the United States. The consumption pattern of the 
integrated steel plants in India, however, continues 
bi i high. This is inherently due to the following 
actors : 


1. Indian Plants have to generate captive 
electrical power in order to ensure mini- 
mum supply level to steel plants since 
supply of electrical power from grid is 
most unreliable. On this account only 
the input energy from non-coking coal 
used for power generation represents 10% 
power generaticn 
25% of the total annual energy 
This affects the. balanced flow 
energy consumptions. 


2. The coke rate of Indian plants per tonne 
of hot metal produced at. blast furnace™ is 
quite high compared to the plants abroad; 
This is because of high ash content . of 
coking coal received by Indian steel plants 
from indigenous coal supply. 


3. There is also technological backwardness in 
Indian Steel plants in respect of converting 
hot metal into steel. Indian plants employ 


input. - 
specific - 
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Table-8 


Plantwise trend of direct Specific electrical energy consumption ¢ 


_and World Bank. Since electrical 


‘total system, 


open hearth furnace and ingot casting 
against LD converter-cum-continuous cast- 
ing process employed abroad. The open 
hearth furnace of steel making — together 
with processing ingot into blooms, billets 


and slabs call for higher uses of liquid 
hydrocarbons, 
To become internationally competitive in energy 


consumption, therefore Indian units requite inten- 
Sive measures for energy conservation. 


Trend of electrical energy consumption 


11. In Table 7, trend of total energy consuniption 
has been given. The total energy consists of two 
types, namely, thermal and electrical, While com- 
puting the total energy, electrical energy has been 
converted into thermal units at the rate of 4000 
KWH equivalent to 10.18 Goal of heat or one tonne 
equivalent of cil (toe) as adopted Sy United Nations 

energy” under 
Indian context is an expensive input energy to the 
it is thought necessary to isolate the 
consumption: of electrical energy from the total cnergy. 
This is being presented in Table 8. It may also be 
mentioned here that the integrated steel plants con- 
sume electrical energy both from the grid as well as 
by its captive generation. Non-coking coal which is 
purchased by the integrated steel plants is fed into 
botlers and subsequently. converted into steam at 
high pressure for generating electrical power and 
also for the process steam. In table 8. 
however, we are considering the consumption of 
electrical power. irrespective of the source of supply. 


balanced flow) 








Electrical energy consumption in KH/T of 











SI.No. Unit code Tngot Semis* Salcahle Steel* 
Years 
@ (@) (2) (3) (4) (5) 
1. 0010 1982-83 80 NA 382 
1983-84 64 125 423 
1984 85 57 163 467 
1985-86 56 170 430 
1986-87 54 155 394 
2, 022 1982.83 53.6 84.0 409 .2 
1983.84 61.9 95.0 , 530.3 
1984-85 57.4 87.6 560.5 
1885.86 55.8 89,3 591.7 
1986-87 65.9 102.3 596.9 
2 
. 021 1982-83 166 228 65 
: 1983-84 166 237 815 
1984-85 183 257 778 
1985.86 188 249 687 
1986-87 159 217 653 





"652 Ind./89——7 


ee 











(0) (jt) (2) (3) (4) (5) 
4. 024 1982-83 83.3 134.9 745.5 
1983.84 94.3 149.0 837.0 
1984-85 92.8 145.8 758.2 
1985-86 82.9 131.4 143.9 
1986.87 83.0 134.0 656.2 
5, 023 1982.83 100 163 414 
1983-84 108 179 548 
1984.85 113 185 516 
1985-86 109 179 482, 
1986-87 . 102 169 412 
6, 025 1982-83 60 96 532 
1983.84 62 100 578 
1984-85 75 117 651 
1985-86 66 98 527 
1986-87 71 103 499 





*Semis—Rolled Ingots to blooms. billets or slabs. 
**Saleable Steel—Finished products -}+ Semis that are not rolled further to finished products 
***Specific Electrical power/t of Ingot and sem isas given above taken into consideration of direct power only of sinter, coke oven. 
Blast furnance and steel making shops. It does not take into consideration of indirectelectrical power due to usage of(a) Water. 
(b) Compressed Air and (c) Oxygen 








Plant-wise trend of total energy input from primary with its percentage contributions may be observed 
source of energy purchased from outside sources from Table 9A/9B. Table 9A is important to us 
Since it gives valuable information regarding types of 


12. The gross total energy input from primary energy input from different sources. 


source of energy purchased from outside together 


TABLE. 9A 


Total Annual Energy inputs to Integrated Steel Plants from different Primary Sources of Energy ; 
Unit --Million Gage Calorie 


























S.No. _ Items Year 010 022 021 024 023 025 
1 2 3 4 5 6 7 8 9 

1, Total Energy inputin 1982-83 22.98 22.78 28.04 16.02 14.06 14.62 

Million Goal 1983-84 22.21, 22.24 28.39 15.57 13.04 13.70 

1984-85 22.48 23.54 28.19 16.23 12.06 12.33 

1985-86 22.72 29.69 30.63 16.15 13.46 11.86 

1986-87 23.18 28.03 30.78 14,92 14.06 10.90 

2. Energy input from 1982-83 15.83 18.18 21.58 11.99 10.77 11.48 

Coking Coal in M. Goal 1983-84 14.92 17.33 22.60 11.77 9.76 | 10.54 

1984-85 15.20 17.57 22.14 12,00 8.95 8.69 

1985-86 15.15 22.04 24,41 12:19 10.40 8.52 

1986-87 15.80 20.62 24.75 11.03 11:99 7.66 

3, Energy input fron non- 1982-83 35.19 2.74 4.52 1.63 1.27 2.66 

Coking Coal in M.Goal 1983-84 5.37 3.21 3.67 1.55 1,54 2.54 

1984-85 5.44 3.66 3.91 1.70 1.44 2.94 

1985-86 5.53 3.99 3.73 1.62 1.33 2.69 

1986-87 5.48 3.89 3.75 1.50 1.44 2.56 

4. Energy input from 1982-83 0.91 0.17 0.11 1.23 1.28 0.15 

Hydrocarbons in M.Goal 1983-84 0.76 0.09 0 06 0.93 1.00 0.22 

1984-85 0.68 0.34 0.06 1.08 0.95 0.33 

1985-86 0.80 0.75 0.12 0.92 0.93 0.41 

1986-87 0.76 0.93 0.12 0.71 0.60 0.38 









































1 2 3 4 5 . 6 7 8 9 
5. Energy input from 1982-83 413790 653157 720031 458935 288643 117895 
Purchased Electricity in 1983-84 456295 632221 809531 517606 291887 132326 
1984-85 453902 774330 816330 597577 231071 145625 
1985-86 488441 908603 930090 559617 312821 155524 
1986-87 447640 1017904 847580 659924 315380 130000 
6. M. Gcal 1982-83 1.05 1.67 1.83 1.17 0.74 0.33 
1983-84 1.16 1.61 2.06 1.32 0.74 0.40 
1984-85 1.16 1.97 2.08 1.52 0.72 0.37 
1985-86 : 2.31 2.37 1.42 0.80 0.34 
1986-87 1.14 2.59 2.16 1.68 0.80 0.30 
—1.T.D.E.—-10.18G. Coal-4000 KWH-4 MWH 
as units adopted by U.N. and World Bank 
Source --Arrear 2/2A to 2/2F 
TABLE --7(B) 
Total Annual En:rgy Inputs to Int grat.d St.el Plants from different Primary Sources of Energy as %, to Total Energy -Inputs 
SI. Items Year 010 022 021, 024 023 “025° 
1. Energy inputfrom —*1982-83 68.89 19.88 76.96 14.84 16.60 78.52 
Coking Coalas %to 1983-84 67.18 77.92 79.61 75.59 74.85 76.93 
Totalinput 1984-85 67.62 14.64 78.54 73.94 74,21 70.48 
1985-86 66.68 75.76 79.69 75.48 77.27 71,24 
1986-87 68.16 73.56 80.41 73.93 79.80 10.28 
2. Energy input from Non- 1982-83 22.58 12.04 16.12 10.17 9.03 18.19 
Coking Coalas %to 1983-84 24.18 14.43 12,93 9.96 11.81 18.54 
Total input 1984-85 24.20 15.55 13.87 10.47 11.94 23 84 
1985-86 24.34 13.72 12.18 10.03 9.88 22.49 
1986-87 23.64 13.88 12.18 10.05 10.24 23.49 
3. Energy input from 1982-83 3.96 0.75 0 39 7.68 9 10 1.03 
Hydrocarbonsas %to 1983-84 3 42 0.40 0.21 3.97 7 67 1.61 
Total input 1984-85 3.02 1.44 0 21 6.22 7.88 2.68 
1985-86 3.52 2.58 0.39 5.70 6.91 3. 43 
1986-87 3.28 3.32 0.39 4.76 4.27 3.49 
4, Energy inputfrom Pur- 1982-83 4.57 7.34 6.53 .7.30 5.26 2.26 
chased Electricity as °% 1983-84 5.22 7.24 7.26 8.48 5.67 2.92 
to Total input 1984-85 5.16 8.37 7.38 9.37 5.97 3 00 
1985-86 5.46 7.94 7.74 8.79 5.94 2.84 
1986-87 4.92 9.24 7.02 11.26 5.69 2.75 
Total Energy in 1,982-83 100.00 100.00 100.00 100.00 100.00 100.00 
Million Goal 1983-84 100.00 100.00 100.00 100.00 100.00 100.00 
1984-85 100.00 100.00 100.00 100.00 100.00 100.00 
1985-86 100.00 100.00 100.00 100.00 100.00 100.00 
1986-87 100.00 100.00 100.00 100.00 100.00 100.00 








—I.D.O.E.—10.18G. Cal-4000 KWH-4MWH 


as units adopted by U.N. and World Bank. 
Source --Anrexes 2/2A to 2/2F. 


Trend of Production 


13. Against the above gross total energy input 





Side sources, the trend of production achieved by the 


from primary sources of energy purchased from out- 


various units may be observed from Table 10. 
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T ABLE--10 


Trend in th: Production Patt. rn 
Unit ; 103T/aneum 











SLNo. Item | ‘Year 010 022. (021 024 023 025 Total 
1.. Hote Metal Produced at Blast Furnace 82-83 1793 2330. . 2194 1203 1056 912 9488 
(10 xIT/A) 83-84 1746 2124, 2275 1150 978 844 9117 
84-85 1805 2339 2400 1139 884 677 9244 

85-86 1753 2604 2524 1229 1064 862. 10036 

86-87 1940 2510 2813 1223 1125 825 10436 

2. Production of saleable pigiren (103xT/A) 82-83 0 490 457 393 29 105 119 1103 4 
(In case of TISCO, itis production only) 83-84 1.400 544 528 47 159 130 1409.4 
84-85 6 309 534 436 22 64 69 1131.3 

85-86 6.933 388 502 30 143 96 t1€5.9 

86-87 8.220 314 642 60 154 . .92° 1270.22 

3. Inzot Stee! Production(103xT/A) 82-83 1946 2130 1829 1144" 952 624 8625 
83-80 1973 1837 1683 1088 806 543 7928 

84-85 2050 1998 1925 1119 + 760 444 8296 

85-86 2095 2345 2003 1177 875 563 9060 

86-87 _ 2250 2230 2056 1100 922 528 9086 

4. Semis (blooms. billets and slabs) which 82-83 750 515 46 36 346 165 1858 
are not rolled to finished product 83-84 744 468 5 38 263 133 =: 1672 
(10 3 xT/A) 84-85 754 403 56 51 273 73 1630 
85-86 859 368 84 73 301 133 1818 

86-87 1091 384 100 79 324 133 2111 

5, Saleable Steel (103x T/A) /Semisin col 4. 82-83 1621 1838 1529 992 818 500 7293 
—-finished products) (Detailsshownin ) 83-84 1626 1574 1288 862 602 444 6396 

~ Annex/LA to 1/1F) 84-85 1714 1810 1459 1013 621 380 6997 
85-86 1772 2055 1721 1005 723 500 7776 

86-87 1907 2150 1745 1140 751 526 8219 














Source : 020 to 010 


It may be observed that the conversion of hot 14. Table 10 shows the important prouuiations 
metal into saleable pig iron in marginal in the case during the period 1982-83 to 1986-87. Since the 
of TISCO, This implies that the total hot metal energy consumption is highly sensitive to capacity 


Lions pkeedeie sar ie hs Ee utilisation (percentage) the same as achieved by the 
units, particularly Bhilai and Bokaro, are producing stce] plants during the period 1982-83 to 1986-87 
pig irons for sale. The pig iron for sale caters to is presented below in: Table 11. 


the foundry industry of the country. 














TABLE. -1 
Trend i: in 1 Capacity Ueto 

Sl. No. Items Year TISCO Bhilai Bokaro Rourkela Durgapur TISCO SAIL 

Capacity Utilisation (%) at 

1. HotMetal . 82-83 94 78 80 75 62 70 1§ 
83-84 - 92 72 83 72 58 65 72 
84-85 95 79 65 71 Dia 32 66 
85-86 88 88 65 77 63 66 72 
86-87 97 80 61 76 66 63 69 

2. Ingot Steel ‘ . 82-83 97 83 73 64 60 62 71 
83-84 99 73 67 60 50 54 63 
84-85 95 80 77 62. 48 44 67 
85-86 90 76 80 65 55 57 74 
86-87 97 66 66 61 58 53 - 63 

3. Saleable Siccet . . 82-83 93 94 78 8! 66 63 79 
83-84 93 80 65 70 49 _ ~ 56 66 
84-85 . 98 92 73 83 50 48 73 
85-86 102 90 87 82 58 63 83 
86-87 110 80 83 93 61 66 79 





Source— SAIL AND TISCO _ 


Trend in cost of production vis-a-vis energy cost 


15. It is of utmost importance that the trend of 
cost of production upto Ingot stage and 


Trend in cost of production vis-a-vis energy cost 
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stage vis-a-vis energy cost are determined so that thé 
influence of energy cOst can be observed and analy- 


saleable 


TABLE 12 


sed. This is prepared in Table 12. 





St. Unit 

















Year INGOT SALEABLE STEEL 
No. ~ —— ———- -- ———— 
Cost of Cost of Energy cost Cost of Cost of Energy cost 
production/T Energy/T as%to cost prodn.jT energy/T at %to cost of 
of prodn. production 
(0) qd) (2) (3) (4) (5) (6) (7) 
1. 0010 1975/76 768 NA NA 1167.25(77/ 359. 54(77/ 30.80 
(DH)* 1980/81 1236 * 540 44.0 1769, 8278) 604.8078) 34.17 
1985/86 2367 945 40.0 3206. 63 1070.45 33,38 
1986/87 2448 957 39.0 3282.04 1079.77 32.89 
2. 022 1975/76 TAO 214 28.6 1062 363 34.0 
(DH) 1979/80 1166 430 36.9 1615 720 45.0 
1984/85 2667 913 34.2 3787 1430 38.0 
1986/87 34.02 .182 34.7 5647 1930 34.0 
3. 021 1975/76 1299 257 19.8 1914 488 25.0 
(LD)** 1979/80 1827 438 24.0 2920 653 22.0 
1984/85 2643 740 28.0 4274 1258 29.0> 
1986/87 3402 1182 27.3 4772 1373 29.0 
4. 024 1975/76 916 190 20.7 1918 497 27.0 
(OH) 1979/80 1513 361 23.9 2940 955 32.0 
1984/85 3353 866 25.9 5756 1495 26.0 
1986/87 3952 1110 28.1 6138 1762 29.0 
5. 023 1975/76 953 311 32.6 1444 454 31.0 
(OH) 1979/80 1370 463 33.8 2122 799 38.0 
1984/85 3333 1261 37.8 4917 2931 41.0 
1986/87 3387 1351 37.7 5301 1866 35.0 
6. 025 1975-76 NA NA 1504 
(OH) 1979-80 NA NA 7 2682 . 
1984-85: 4555 1637 35°9 6702 2268 34.0 
1986-87 4762 2410 50.6 6748 2778 41.0 








*OH represents steel produced from open hearth shop 
**LD “epresenis steel obtained from LD converter. 
Source—020 and 010 


16. It is, of utmost concern to our national eco- 
nomy that cost of production of steel and consequ- 
ently its price does not loss its international compe- 
titiveness as otherwise it will retard the growth of 
capital goods industry in the country. To identify 


the various elements of cost vis-a-vis the important 


part played by energy cost the tre 
duction of steel in India compar 
portant countries in 1973 and 1984 m 
ved from Table 13(A) and 13(B). 


nd of cost of pro- 
ed with other im- 
ay be obser- 
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TABLE—13A 
Average Cost of Production— World vis-a-vis India in 1973 and 1984 
Sl. Countries Average Cost of Production (S/T) Average Cost of Producton (S/T) 
No. rn a 
1973 1984 
Material L our Interest. Av. Material Labcur terest 
Av. Cost/T Cost/T C t/T & Dep. cost/T Cosi/T  Cost/l & Dep. 
Cost/T Cost/T 
©) () (2) (3) (4) (5) (6) (7) (8) @) 
1. Canada. : 292.5 162.5 105 25 342. 202.5 102.5 37 5 
(100) (56.0) (35.5) @&.5) — (100) (59.1) (29.0) (11.0) 
2. Japan . ‘ ‘ 317.5 227.5 43 45 400 280 55 65 
(100) (71.6) (14. 2) (44.2) (100) (70.0) (13.7) 16.3 
3. U.K. “3 - 2 335 187.5 112.5 35 332.5 202 2 82.5 47.5 
(700) (56.0 33.6 10.4 (100) 69.9 24.8 (14.8) 
4. France ; ‘ ‘ 337.5 212.5 75 50 417.5 315 66 37.5 
(100) (63.0) (22.2) (14. 8) (100) (73.4) (15.6) 9.0 
5. USA . - . 341.25 170 155 16.25 442.5 250 150 42.5 
(100) (49. 8) (45.4) (4.8) (190) (56.5) (33.9) 9.6 
6. FRG 7 7 F 873 250 90 35 362.5 237.5 100 25 
(100) (66.7) (24.0) (9.3) (100) (65.5) | (27.6) 6.9 
7. Korea 7 . Z 400 297.5 25 77.5 237.5 155 20 65.2 
(100) (74.4) (6.3) (19.4) (100) (65.3) (8.4) 26.3 
8. India Z : ‘ 375. 245 90 40 487.5 360 3) 47.5 
(100) (65.3) (24.0) (10.7) (100) (73.8) (16.4) (9. 8) 
Source : World D2velopment Report, 1987, World Bank Data and SAIL Data. ~ 
Figures in the paranthesis represent percentage to avearge cost of production 
—~Mteria] Cost include both material] and Energy 
Table 12—A does not provide for energy cost ture as presented in World Bank’s Report of 1986 
data separately. To elaborate the incidence of ener- for the year 1984-85 is reproduced and presented in 
gy-cost on total cost of production, the cost struc- Table 13-B. 
TABLE 13(B) 
Cost structure of SAIL, IISCO and HSCO durjng 1984-85 
an eee oy pares estat eis Behe ets Re Yt eed ad Se ea eee es nies 
0020 025 0010 
Unit % Unit % Unit %“ 
Cost Cost Cost 
Rs/Mt. Rs/Mi. R/Mt 
(0) (1) (2) (3) (4) (5) (6) (7) (8) 
Income = 
Sales Total a 3 . ‘ : 5,630 125 5,093 ; 73. 5,645 157 
Other Income . . . ; F 149 3 —18 ae 287 8 
TotalIncome . : F § 3 3,779 128 5,075 73 5,933 165 
Inter Account Acjustment . ‘ - 307 7 1,413 20 —S5I -=f 
TotalIncome Equivaknt . ‘ : 6,086 135 6,488 94 5,882 163 . 
Expenses 
Tron Ore ‘ F ‘ : , 238 5 260 4 169 
Other Materials , + ‘ : 1,069 24 1,052 15 276 g 


(A)—-TotalMaterials. . . 1,307 29 1,312 19 445 2 
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4 5 6 7 
Coal and Coke we ae 957 a 1,499 22 164 2 
Powr 2. 0. 6. ee 434 10 642 9 184 5 
Other Energy ; po 4 
(B)—Total Energy 1,391 31 2,141 31 1,072 30 
Consuma bles 768 17 836 12 290 8 
Employee Costs 748 17 1,748 25 934 26 
Other Costs “. ' ; ; : 302 7 898 13 88 24 
(C)—Total ‘ ‘ . j ' 1,818 49 3,482 30 2,92 52 
(D)—Total Operational Costs, ‘ 4,515 100 6,935 100 3,598 100 
D=(A+B+4C) 
Excise Duties. , . : 354 8 317 370 10 
Freight 351 8 303 4 401 11 
Levies and Funds 326 51 1 382 11 
(E)—Total Freight & Taxes 1,031 23 671 19 1153 2 
Intercst 200 588 282 
Depreciation - 353 284 292 8 
(F)—Toial Finarcial Expc nses 533 12 871 13 574 16 
(G)—Total Expenses 6,679 135 8,477 122 5,325 148 
G=(D+E+F) 
Profit/Loss —_— 7 —1,989 —29 557 16 
Memo Items 
Sales vo lume mild steel 4.80 0.40 1.76 
(million tonnes) 
Operational Cost (Rs. crores) 2,151 277 634 











Source : World Bank Report on Indiar Stee! Sector Strategy uly, 1986). 


The conclusions that energy from the above are 
as follows : 


(1) Despite high interest rate prevailing in 
‘India, the capital servicing cost (deprecia- 
tion an interest on borrowed capital) in the 
year 1984 is lower or nearly equal to many 
of the developed countries. 


(2) Labour cost in India is still low compared 
to DECD countries despite over-manning 
in our integrated steel plants. 


(3) Raw materials (inchiding energy bearing 
materials, such as, coking coal, non-coking 
coal and hydrocarbons) input cost is sub- 
stantially higher than DECD countries. 
The efficiency of use of raw materials and 
upgradation of its quality is capable of 
being controlled by the industry and gov- 
emment policies, 


(4) There is obvious need of increasing the over- 
all productivity of the plant such as higher 
capacity utilisation higher yields from each 
process centres and decrease in the energy 
consumption. 


Price of Steel—World vis-a-vis kndia 


17.Comparisons of steel pricesin the international 
market is risky for more than one reason since the 


international prices offered are in most of the cases 
not fully related to cost of production .A deve- 
loped country may have its domestic price, price for 
its export-oriented industries and also the price for 
the international market. These three prices are 
different depending on countries’ national programme 
vis-a-vis export. Yet it is most likely to. throw light 
on the efficiency of our national policies in determin- 
ing the export price against domestic cost of produc- 
tion. The trend of prices of two products, namely, 
HR coil and wire-rod representing more than 50 per 
cent of the total domestic demand may be observed 
from Figs. 4 and Fig. 5. 


The conclusion that emerge from Figs. 4 & 5 and 
also the table 13A and 13B are as follows : 


(1) There appears to be a suppression of inter- 
national price against cost of production of 
Indian steel for the period 1973 to 1977 
when the international prices offered by 
various developed countries were much 


above the international price offered by 
India. : 


(2) The price of Indian steel in the internation- 
al market rose from the year 1977 to 1981 
and in the year 1981 it became equal to 
the international prices offered by other 
developeg countries. Since then Indian 
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steel price in the international market rose 
higher to that offered by the other deve- 
loped countries making the Indian steel 
uncompetitive in the international market. 
This is mainly due to the following factors: 


(a) Higher specific consumption of raw mate- 
rials and consumables (iron ore, fluxes 
and refractories). 


(b} Higher specific consumption of energy 
bearing raw materials (coking and non- 
coking coal, liquid hydrocarbons, etc.) 


(c) Higher specific energy consumption (both 
thermal and electrical power). 
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(d) Low capacity utilisation with higher 
breakdown hours and erratic power 
supply from the grid. 


Trend in ex-works cost of various primary source 
of energy 


18. Cost of energy has two components, one 
being the quantity of energy consumed per unit out- 
put and the other is the unit cost of this energy. It 
is, therefore, necessary that the time trend of ex- 
works cost of various input energies such as coking 
Coal, non-coking coal, hydrocarbons and electricity 
from the grid are observed and analysed since it 
influences energy cost. This is presented in Table 
14, 


TABLE —14 


Trend in ex-works cost of various primary sourcés of energy 








Ex-works cost of 























Sl. Unit oor a ea = 2 cere eae = 
No. Coking CoalI* Non-coking coal Hycrocarbons Grid 
—_ peat ae -—~—-- — @ - - — — electrical 
Rs/T Rs/Goal Rs/T Rs/Goal Rs/T Rs/Goal power 
Rs./1000 
KWh 
@) (Wd (2) (3) (4) G) (6) (7) (8) (9) 
1. 010 1982-83 429 65 00 256 43.00 2671 (LSHS) 260.6 322 
1983-84 430 66.00 324 55.00 2883 (,,) 28.02 391 
1984-85 494 74.00 438 77.00 2885 (,) 282.0 458 
1985-86 611 92.00 522, 90.00 3316 6) 323.7 555 
1986-87 678 100.00 534 93.00 3366 (,) 329.7 544 
2. 022 1982-83 490 77.00 263 41.79 4633** 720 516 
1983-84 546 85.00 292 48.40 4619 118 565 
1984-85 637 99.00 344 63.77 4 466 592 
1985-86 728 114.00 320 49.47 5401 600 708 
1986-87 835 131.00 420 70.68 604 804 
3. 021 1982-83 386 56 00 167 33.00 2640 297.0 438 
1983-84 432 62.00 174 37.00 2735 308.2 461 
1984-85 516 74.00 197 43.00 2842 320.0 473 
1985-86 591 84.00 216 50.00 2957 333.2 585 
1986-87 671 95.00 238 55.00 3136 353.3 620 
4, 024 1982-83 449 69.00 174 38.00 2734 279 Sil 
1983-84 469 72.00 237 56100 3039 310 637 
1984-85 539 83.90 261 58.00 - 2832 289 824 
1985-86 608 94.00 370 80.00 3496 356.7 1000 
1986-87 708 105.00 404 92.00 3406 347.5 1014 
5, 023 1982-83 306 48.00 222 37.00 2777 286 440 
1983-84 338 53.00 258 43.00 2868 296 503 
1984-85 397 62.00 352 59.00 2918 301 554 
1985-86 450 70.00 352 59.00 3349 345 616 
1986-87 558 85.00 399 67.00 3033 313 749 
6. 025 3982-83 401 63.00 213 39.00 2586 265 382 
1983-84 417 66.00 264 51.00 2765 283 505 
1984-85 489 78.00 334 59.00 2715 278 541 
1985-86 575 100. 00 342, 68.00 3088 316 599 
1986-87 653 114.00 - 407 a al 695 


88.00 





As charged to coke over plant 
Source : SATL AND TISCO. 
*#Na ptha 


652. Industry /89-—8 
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19. In conclusion of this chapter, the following twice, Ref, Table 7(c} as compared to the 
observations relevant to Energy audit Study, may be international practices being carried out in 
made :—- Japan, France, Germany, United. States and 


United Kingdom. 
1. Iron making at blast furnace consumes the 


: ; i 5. The energy cost as per cent to total cost of 
eee fou coke aad calls for al ee production of crude steel varies from 28 per 
effect to reduce specific energy consump- cent to 39 per cent in 1935-87 which calls 
tion per tonne of hot metal produced. Any for efforts to reduce it subsiantially to 
improvement at this process centre~ will achieve international competitiveness in 
have multiplier effect on energy  efficien- cost of production of crude steel. 

cies. 


6. The unit price of different type of primary 
2. The integrated steel plants for steel making source of energy has increased resulting in 


from hot-metal technology, particularly 
from open hearth furnaces to LD conver- 
tors with the introduction of continuous 
casters of billets, bloom anc slabs, to redu- 
ce specific energy consumption. 


3. There is still a gap between demand and 


supply of the steel which provides oppor- 
tunity or adopting energy efficint techno- 
logies at the time of substantial expansion 
or introduction of new grassroot plants. 


4. At present the energy consumption of inte- 


grated steel plants is much higher (almost 


higher cost of energy even when the quan- 
tity of energy consumed is reduced by the 
plants. The increase of the unit cost of 
primary sources of energies is mainly due 
to the influence of the oil crisis in the world 
and its effect on our national policies of 
energy pricing. 


In the folloing Chapters it is being proposed to 
determine the process centerwise actual energy con- 
sumption and also the various corrective measures 
that would be possible under Indian context to reduce 
energy consumption per tonne of steel produced at 
the integrated steel plants. 


CHAPTER 3 


ACTUAL ENERGY USAGES IN 


INTEGRATED 


STEEL PLANTS 


Distinct Features related to Energy Consumption 


1, All integrated steel plants use mainly three 
primary source of energy as input. ‘These are (1) 
Coal both coking and non-coking (2! Hydrocarbons 
such as furnace oil LSHS, LDO, etc., and (3) Elect- 
ticity mainly for motor-drives. While hydrocarbons 
and electricity are directly utilised at the process 
centre where energy transfer takes place at various 
process to be performed, the use of coal at steel 
plants itself needs to ‘be processed at utility 
plants (such as coke oven plants, boiler plants) 
before it can be utilised in useable form at the pro- 
cess-centre, Processing of coking coils at coke oven 
plants produces secondary sources of energy (such 
as cokeoven gas, bar, ctc.) besides coke to be used 
at blast furnace. At certain process-centres as well 
exhaust by-product gases ere available (such plant fur- 
nace gas) which also contain substantial amoun- cnergy. 
It is because of this complexity of cnergy-system 
(cnergy input, consumption, wastages and secondary 
energy output) to Energy balance for each well-defin- 
ed process centre is essential so that the overall cfh- 
ciency of the total system (entire steel plants with its 
various end products) can be effectively judged from 
the efficiencies of the sub-system (i.e. process cent- 
res), ‘Crude steel production which is the total of all 
cast steel obtained either through ingot casting route 
or by continuous caster or by moulds giving specific 
shape (to be used as Machinery Parts) has been taken 
into consideration to arrive at the first instance, the 
energy consumption per tonne of crude steel as nor- 
mally accepted and reported in all international analysis 
of energy efficiencies at integrated steel plants. The 
energy consumption per tonne of crude steel is deri- 
ved by dividing energy consumption in all process cent- 
res involved and their carry-over energy inputs upto 
crude steel stage (and not total energy input to the 
plant) by the production of crude stecl.* The actual 
energy consumption upto crude steel stage usuallv 
varies between 75—85 per cent of the total input of 
energy to the entire steel plant (Ref. Chapter 2, Table 
2) and as such more energy-intensive than the down 
stream products made from cast-ingots through rolling 
operations, which have been separately analysed in 
this report so that thrust areas of energy conservation 
at few relatively important energy intensive process 
centres producing crude steel may be identified and 
analysed in more details. However, before identifying 
the energy intensive process centres, it js necessary to 
know (a) how the primary scurce of energy inputs 
to steel plants are processed and (b) what are the 
secondarv sources of energy generated inside the steel 
plant. and (c) how both these energy sources are con- 
sumed at different process centres. A schematic dia- 
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gram to comprehend the incoming energy inputs, its 
processing and usages together with the secondary 
energy sources generated inside the plant and its usag- 
es 1s presented in Fig. 1 as given in page 43. 


* In order to achieve a comparable energy consum- 
ption data among all integrated steel plants in the 
World, International Iron & Steel Institute has adopt- 
ed a well-defined method of calculating balance flow 
energy consumption per tonne of crude steel. This 
calculation also takes into consideration all down- 
Stream processes and energy utility services (such as 
boilers, etc.).: It may, however, te. mentioned _ that 
downstream products and processes are different for 
different integrated steel plants. This is being adopt- 
ed by Indian integrated plants for comparison purpose 
which has been shown in Table 7(C). 


2, Energy transfer to masses cr its conversion from 
one form of energy to other is always associated with 
some losses of energy, part of which is avoidable while 
other part is unavoidable and irrecoverable. Even at 
the mos; efficient steel works with very low specific 
(nergy consumption only about 30) per 
cent of the input heat -energy is  use- 
fully utilised the rest is dissipated 10 atmosphere via 
waste gases, molten stage and from the cooling of 
products. All lost heat energy, however, can not be 
economically or practically recovered. Thus energy 
input in any system is given by the following : 


Total Annual Energy Input=Useful work done 
which manifests itself in total annua] produc- 
tion + total annual output energy arising out 
of chemical reactions when energy is per- 
forming useful work+Losses ..(Eqo. 1). 


Where losses of heat energy are cue to (a) con- 
duction(b) convection and radiation and 
losses of electrical energy are due to (a) 
Resistance, (b) Inductance and (c) Capaci- 
tance, 


The above relationship will hold good for the total 
system (entire steel plants) or for any sub-system 
1€. any process-centre. 


Total Energy Input/Annum vis-a-vis.total Production 
Annum. 


3. Total annual energy inputs vary from plant to 
plant. It depends on mati factors of which the most 
important points are the following : 


(a) The quantity of the hot metal the plant is ex- 
pected to produce with the actual coke rate 
(Kg|THM) at Blast Furnace. 
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(b) The quantity of B.F. coke to be produced blooms ar siabs) even when continuous cast- 
with yield of B.F. coke to gross coke pro- 
ee aUICOny Oven Plat fhe extent to which semis would be sold to 

(c) The quantity of sinter (Kg/THM) to be used outside re-rollers. 
at Blast furnace: (h) The downstream: product mix of the saleable 


(d) The quantity of Pig-iron for sale to be pro- steel products. 
duced out of total hot metal produced at G) The amount of captive cower generation to 
Blast furnaces. be ensured to take care of shortage and 

irregular power supply from state grids. 

(e) The hot metal to ingot steel ratio and the BAe a: 
quantity of ingot steel required to be produ- All these main factors influence the total annual 
ced eiher by open hearth furnace or by L.D. energy input to the total system. It would be, there- 
Converter process. fore, important to observe at the first instance total 


annual energy input to the entire plant vis-a-vis vari- 


(f) Whether continuous casting process is avail- ous production activities on which the total annual 








able at the plant and the extent of primary energy input performed its useful work. This may be 
rolling necessary for producing semis (billets, observed from Table-1. 
TABLE---1 
TREND OF TOTAL ENERGY INPUT VIS-A-VIS IMPORTANT PRODUCT 
SI. Items : : Year 010 “022 “021 24 = 023 _ “025 
No. 





1, Total Energy Input in Million 


GCAL : ‘ . ‘ . 1982/83 22 .98 22.76 : 28.04 16.02 14.06 14.62 
1983/84 22 .21 22.24 28.39 15.57 13.04 13.70 
1984/85 22 .48 23.54 28.19 16.23 12 .06 12.33 
1985/86 22,72 29.09 30.63 16.15 13.46 11.96 
1986/87 23.18 28.03 30.78 14.92 14.06 10.90 
2. Production : 
(b) Gross Coke (000 T/A). . 1982/83 1859 2333 2577 1218 1313 1392 
1983/84 1751 22.60 2693 1220 1313 1244 
1984/85 1755 22 66 2626 1385 980 1002. 
1985/86 1722 2444 2829 1411 1088 913 
1986/87 1740 2327 2843 1204 1262 794 
(b) Hot metal from Blast Furnace 
COOO T/A)  . ‘ : . 1982/83 $793 2330 2194 1203 1056 912 
1983/84 _ 1746 2124 2275 1150 977 844 
1984/85 1805 2339 2400 1139 844 677 
1985/86 1753 - 2604 2524 1229 1065 862 
1986/87 1940 2510 2813 3223 1125 825 
(c) Hot metal sent to Pig-Iron 1982/83 0.053 487 422 60 153 140 
Casting machine (?000 T/A) . 1983/84 1,495 574 568 66 211 152 
1984/85 6.719 571 468 43 113 81 
1985/86 7.382 447 541 68 189 113 
1986/87 8.753 
(d) Ingot Stcel (7000 T/A) : . 1982/83 1946 2130 1829 1144 952 624 
1983/84 1973 1837 1681 1088 806 543 
1984/85 2050 1998 1920 3119 760 444 
1985/86 2095 2345 2003 1177 875 565 
1986/87 2250 2230 2056 1100 922 528 
(e) SEMIS (000 T/A) (not rolled 
further to finished products) . 1982/83 750 515 46 36 346 165 
1983/84 744 468 5 39 263 153 
1984/85 754 403 56 51 273 93 
1985/86 859 368 84 73 301 133 
1986/87 1091 384 100 79 324 133 
(f) Saleable Steel (000 T/A) . . 1982/83 1621 1838 1529 992 813 500 
[Ref. Annex 2/1(A) to 2/1(F)]: 1983/84 1626 1574 1288 862 602 444 
1984/85 1714 1810 1459 1013 621 380 
1985/86 1772 2055 1721 1005 723 500 


1986/87 1907 2150 1745 1140 751 526 








26 


4. At this stage of analysis the specific energy con- energy input shown in Table—-1 has been derived 
sumption (either of crude stzel or downstream pro- from different primary sources of energy (coking coal, 
ducts) could not be accurately determined since non-coking coal, hyrocarbons and electricity) — sine 
total energy input to the entire piant caters to energy energy cost per GCal unit of energy is expecied to bk 
demands of different process centres differently. How- different for different primary sources of energy. This 
ever, it is of great importance to know how the total may be observed from Tabie 2(A) and (B). 

TABLE- 2(A) 


Total Annual Energy Input(s) to Integrated Steel Plants from Different Primary Sources of Energy 


0'0 022 O23 074 023 075 


S!. fiems Yoar 








Nv. 
i 2 3 4 5 6 7 8 9 
1, Total Energy input in MillionGOAL 1982/83 22.98 72.70 78.04 16.02 14 06 14.62 
1983/84 22.21 72.24 28.39 15.57 13.04 13.70 
3984/85 22.48 23.84 28.19 16.23 12.06 12.33 
1985/86 22.72 79.09 20.63 16.15 13.46 It 96 
1986/87 23.18 28.03 30.78 14.92 14.06 10,90 
2. Energy Input from Coking Coal in 
M.GCAL . ‘ : ‘ . 1982/83 15 83 iS ff 21.58 11.99 10.77 11,48 
1983/84 14.92 17.33 22.60 11.77 9.76 10.54 
1984/85 15.20 17.57 2.14 12.00 8.95 8.69 
1985/86 i5.15 22 .04 24 4i 12.19 10,40 8.5) 
1986/87 15.80 70.62 24.75 11.03 Hy 22 7.66 
3, Energy Input from Non-Cokiag Coal 
in M. GCAL Do 1982/83 5.19 2.74 4.52 1.63 1.27 2h 
1983/84 5.37 ant 3.67 1.58 1.84 244 
1984/85 5.44 3.66 3.91 1.70 1.44 2.94 
1985/86 5.53 3.99 3.73 1.62 1.33 2.69 
1986/87 5.48 3.89 3.75 1.50 1.44 2.56 
4, Energy input fom EHydro-Carbons in 
M.GCAL . 0... 1982/83 0.91 0.17 0.11 1.23 128 0.15 
1983/84 0.76 0.90 0.06 0.9% i.) 0.22 
1984/85 0.68 0.34 0.06 boi 095 0.33 
1985/86 0.80 0.75 0.12 0.9° 9 93 0.4! 
1986/87 0.76 0.93 0.12 0.7! 0 GO 0.38 
5. Enorgy Input from Pu-chased Elce- 
tricity in = 
(a) MWH_ SC : : z . 1982/83 4° 3790 653157 7° 0031 458935 7 88043 117895 
1983/84 456795 632221 809532 517606 “9° 887 132326 
1984/85 453902 774330 $1 6330 597577 ~8. 07/1 145625 
1985/86 488441 908603 930090 558617 342 82} 155524 
1986/87 447640 1017904 847580 6599" 4 SL 57801 130000 
(b) M. GCAL : : : . 1982/83 1.05 1.67 1.83 Bish 0.74 0.33 
1983/84 1.16 1.61 2.06 1.32 0.74 0.40 
1984/85 1.16 1,97 2.09 1.55 Q) 72 0.37 
1985/86 1.24 2.33 2.37 1.42 0 80 0.24 
1986/87 1.14 2.59 2.16 1.68 0 80 0.30 


*] T.0.E.=10.18 G. CAL=4000 KWH=4 MWH 
as units adopted by U.N. and World Bank. 
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TABLE- -2(B) 


Total Annual Energy Input(s) to integrated steel Plants from different primary sources of energy as% to Total Energy Input. 














Unit---Per cent 
Sl. Items Year 010 022 071 024 023 025 
No. 
1, Energy Input from coking Coalas% 
to Total Input 1982/83 68.89 79.88 16.96 14.84 76.60 78 52 
1983/84 67.18 77.92 79.61 75.59 74.85 76.93 
1984/85 67.62 74.64 78.50 73.94 74,21 70.48 
1985/86 66.68 715.76 79.69 75.48 77.27 71.24 
1986/87 68.16 73.56 80.41 73.93 79.80 70.28 
inergy Input from Non-Coking Coal 
‘s & to Total Inrut . 1982/83 22 .58 12.04 16.12 10.17 9.03 18.19 
1983/84 24.18 14.43 12.93 9.96 11.81 18.54 
1984/85 24.20 15.55 13.87 10.47 11.94 23.84 
1985/86 24.34 13.72. 12.18 10.03 9.88 24.29 
1986/87 23.64 13.88 12.18 10.05 10.24 23.49 
3. Energy input from Hydro-Carbons 
as % to Total input 1982/83 3.96 0.75 0.39 7.68 9.10 1.03 
1983/84 3.42 0.40 0.21 5.97 7.67 1.61 
1984/85 3.02 1.44 0.21 6.22 7.88 2.68 
1985/86 3,52 2.58 0.39 5.70 6.91 3.43 
1986/87 3.28 3.32 0.39 4.76 4.27 3.49 
4. Bnergy input from Purchased Blec- 1982/83 4.57 7.34 6.53 7.30 5.26 2.26 
tricityas % to Total input 1983/84 5.22 7.24 7.26 8.46 5.67 2.92 
1984/85 5.16 8.37 7.38 9.37 5.97 3.00 
1985/86 5.46 7.94 7.74 8.79 3.54 2.84 
1986/87 4.92 9.24 7.02 11.26 5.69 2.75 
Total Energy input in Million GCAL 1982/83 100.00 100.00 100.00 100.00 100.00 100.00 
1983/84 100.00 100.00 100.00 100.00 100.00 100.00 
1984/85 100.00 100.00 100.00 100.00 100.00 100.00 
1985/86 100.00 100.00 100.00 100.00 100.00 100.00 
1986/87 100.00 100.00 100.00 100.00 100.00 100.00 





*].T.0.E.=10.18 G. CAL=4000 KWH=4 MWH 
as units adopted by U.N.and World Bank. 


Examination of data presented in Table 2(A) and 


2(b) leads to the following observations :— 





(3) Energy input (MG Cal) through liquid hy- 


(1) Energy input (MG Cal)* through coking 
coals represents 66.7 per cent (ISCO) to 
£0.4 per cent (Bokaro) of the total input of 
annual energy to steel plants during the 
period from 1982/83 to 1986/87. Any im- 
provements of coking coal’s consumption or 
reduction of waStage will immediately re- 
flect in the reduction of cost due to energy. 


coal used mainly for generation of steam 
and electrical power represents 9.96 per cent 
(Rourkela) to 24.3 per cent (TISCO) of the 
total annual energy input to steel plants 
during the period of 1982-83 to 1986-87. 





drocarbon mainly used for heating Ingot, 
billets, blooms or slabs represents 0.21 per 
cent (Bokaro) to 9.1 per cent (Durgapur) 
of the total annual energy input to steel 


plants during the period of 1982-83 to 
1986-87. s 


(4) Energy input (MG Cal)** through purchas- 


(2) Energy Input (MG Cal) through non-coking | 


ed electricity from state grids mainly used 
for motor drives represents 2.26 per cent 
(TISCO) to 11.3 per cent (Rourkela) of the 
total annual energy input to steel plants dur- 
ing the period of 1982-83 to 1986-87. 





*MG cal = Million gega calories. 
**] G. Cal=3,93 KwH (1t.o.*.=10.18 G. cal=4000 KwH 
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Since energy demand by type and quantity of diffe- strength, (M 10 Index) fixed carbon ang ash content, 


rent process centres is different it is necessary to un- Coke making, therefore, assumes a great significance 
dertake Process-centrewise analysis of energy con- in relation to iron making at blast furnaces. It is par- 
sumption of different types of energy (thermal and ticularly so in the context of deteriorating quality of 
electrical) and also its primary source. The stagewise coking coal in India compared to other countries and 
energy consumption will not only reveal the energy it is causing great concern at plant level for operatio- 
intensive process centres for indepth study for energy nal efficiencies as well as at the national level for ob- 
conservation but also will provide the total balance taining good quality coking coal from country’s coal 
or reconciliation of the total annual energy input to mines. While the blast furnace sizes are increasing 
a plant. It will also provide options for inter-fuel sub- all over the world to achieve economy ot scale, the 
stitution for cost optimisation using purchased energy same cannot be pursued under Indian context unless 
and internally generated energy (OC gas, BF gas, the coke quality improves. As energy consumption at 
LD gas) to a limited extent. This is being pursued coke oven will be greatly affected by the quality of 
in the following paragraph. . the blend of different coking coals charged to the coke 


, oven batteries, it is considered important and relevant 
Process Centre ; Coke Oven. at first to observe the acceptable quality of coking 

5. Iron making through the route of blast furnaces coal as laid down by CFRI and adopted by the SAIL 
is greatly influenced by the quality of coke such as its plants. This may be observed from Table 3. 


TABLE-—3 : 
SAIL’s Quality Parameters of Coking Coal as laid down by C.F.R.1. 














Parameters Pyime Coking Medium Coking Semi Coking 
M. Volatile L. Volatile 
Ash% (ecg er ge ge ee 1740.5 1740.5 1840.5 1640.5 
Volatile Matter% (Dmmf) « “d -@.. on oeeeeee 2p _.3? 32-.37 20-22 33-44 
Moisture% . : : : : : : f 4 122 1_.2 Less than 1 2-4 
Free Swelling Index . : ‘ : : F : : 20/2? 18 18 14 
CokeType  .  . see &abOVE R-.G (BR uG E- F but not 
below C/O 
Reflectance : : : : ; : : , f {--1.4 0.85. -0.95 1.4-.1.55 0.75.— 0.85 
Carbon . wwii tst«CSstCt*t«S:C i 86- 90 90--91.5 83- -85 








Source : C.S. tha Committee’s Report -- September, 1984, 


6. The actual performance of energy consumption sists of the energy content of coke even gas and Tar 
at coke oven plant from the point of view of input by-products) can be observed from Table-4 (Details 
energy vis-a-vis the output energy (output energy con- given in Annexes 3|1A to 3/1F. 

TABLE- -4 


Comparison of Process—Centrewise Energy Consumption during 1982/83 ~1986/87 
Process Centre—-Coke Oven 
Unit—G. Cal/t gross Coke 








024 023 025 

















Sh. . Ttems Variation 010 022 ~ 021 
No. limits 1982/83 
to 1986/87 
o °° a) Q) (3) (4) (5) (6) (1) (8) 
1, Energy Inputs from : 
(a) Charged Coal : ‘ . Max. 8.918 8.378 9.139 9.314 8.123 8.327 
Min. 8.509 8.227 8.995 8.6 7.677 7.587 
(b) Process Steam i d - Max. 0.204 0.255 0.118 0.261 0.503 0.522 
Min. 0.161 0.196 0.089 0.178 0.028 0.255 
(c) Electric Power : : - Max. . 0.77 0.049 0.062 0.023 0.082 0.062 
Min. 0.066 0.041 0.052 0.021 0.062 0.05 
(d) Other (C.C. gas s : . Max. 0.784 0.941 0.783 0.912 1.181 1.121 
Min. 0.732 0.855 0.769 0.777 0.852 0.91 


B.F. gas) 


























(0) (1) (2) (3) 
2. Energy Output from : 
(2) Coke Max. 5.823 
Min. 5.62 
(b) C.O. gas Max. 1,689 
Min. 1.534 
(c) By Products Max. 0.336 
Min. 0.314 
Total output Max. 7.892 
Min. 7.514 
3. Net Consumption . Max. * 2.162 
Min. 1.916 
4. Yield Loss Max. 1.099 
Min. 0.908 
5. Yield Loss of (%) Coal input Max. 12.52 
, Min. 











(4) (5) (6) (7) (8) 
3.4 6.093 6.2 5.826 5.7 
3.4 5.857 6.2 5.18 5.37 
1.533 © 1.54 1.435 1,422 1.406 
1.464 1.486 0.118 1.201 1.301 
0.319 0.287 0.351 0.256 0.273 
0.282 0.27 0.299 0.209 0.244 
7.252 7.917 7.981 7.504 7.301 
7.146 7.63 6.669 6.777 6.985 
2.347 2.311 3,505 2.885 2.545 
2.292 2.163 1,644 1.406 2.183 
1.161 1.365 2.49 1,332 - 1.264 
1.114 1.22 0.619 0.464 0.547 

13.856 15.18 27.186 16.4 15.18 
5.82 7.21 


13.35 7.198 





The variations (Maximum and Minimum) of all 
relevant energy inputs and outputs in Table 4 are 
mainly due to the following factors :— 


(1) Non-uniformity of the quality of raw mate- 
rials and fuels.. 


(2) Non-stabilised equipment performance and 
operation resulting the process not being 


continuously fellowed-—resulting in lower 
capacity utilisation, lower yield and high 
wastages, 


(3) Non-improvement of the process time (cygle 
time) of operation for a given blended char- 
ged coal in the absence of proper instru- 
mentation and control. 

(4) Non-uniformity of the loading of the equip- 
ment to its rated capacity and temperature 
distribution during operation. 


The effect of the above factors and possible ‘mpro- 
vements by operational optimisaticn is being dealt in 


Chapter 5. 


Process Centre : Sinter. 


7.. Sintering is the process by which the iron ore 
of different fineness and quality which otherwise can- 
not be used directly in blast furance are fused into 
porous and coherent lumps as agglomerates. The 
process is performed by mixing fine iron ore material 
with coke breeze and heating it under controlled con- 
ditions. The resultant sinter can be used in combina- 


. tion with lumps of iron ore at blast furnace with the 


desired permeability of the burden at blast furnace. 
All over the world the use of sinter is increasing since 
lump ores are more costly and sinter can to some ex- 
tent improve both cost as well as the rate of reduc- 
tion of iron ore to hot metal with the reduction of 
coke consumption per tonne of hot metal produced at 
blast furnace. The unit-wise energy consumption per 
tonne of sinter for various plants can be seen from 
Annexes 3|2A to 3|2F. The salieat features of energy 
consumption at this process centre amongst the units 
may be seen from Table 5. 


TABLE- 5 


Comparison of Process—Centrewise energy Consuptions of various units for the period 1982/83-1986/87 
Process Centre :(SINTER PLANT) 





Unit—-G. Cal/t grossSinter Production 











S}. “Ttems ~ a variation 010 022 “021.024, 073 
No. limits 
1982/83 
to 
1986/87 
~y 2 —_ 3 4 5 6 7 8 
“4, @) ake Breeze: a Max. 0.529 0.841 0.599 0.722 0.641 
Min. 0.492 0.398 0.519 0.697 0.543 
(b) Fuel (B.F. gas--C.0. gas) Max. 0.073 0.108 0.133 0.107 0.129 
Min. 0.061 0.071 0.11 0.087 0.079 
(c) Electrical Power . Max. 0.104 0.127 0.238 0.123 0.194. 
Min. 0.094 0.106 0.202 0.114 0.138 
(d) Steam Max. 0.027 Nu. - Nu Nu Nu 
Min. 0.02 
Total : so. Max. ~~ @.72,—~<“‘«~C CEC:C“‘é‘t CZ!”*~*««R!CLH 
Min. 0.678 0.739 0.849 0.912 0.76 





652 Ind.|89—9 





Table 5 shows the variation in consumption of vari- 
Ous types of energy inputs for the period 1982/83 to 
1986/87. The main energy input in this process cen- 
tre is coke breeze, a by-product of coke oven plant 
which cannot be used normally at blast furnaces. The 
amplitude of variations (Maximum—Minimum) of all 
different types of energy input(s) (Ref.—Table 5) are 
mainly due to the following factors :-— 

<1) Variations of the qualities of input materials 
and fuels. 

(2) Non stabilised equipment performances and 
operations resulting in intermittent opera- 
tions causing lower capacity utilisation, 
lower yield and higher maintenance break- 
down hours. 

(3) Non stabilised burner operations resulting in 
inefficient fuel combustion. 

(4) Higher and non-uniform heat wastage from 
ignition hood. 

The rectification and possible improvement in ener- 
gy consumption both by operational optimisation, as 
Well as by other means of investments are being dealt 
in Chapter 5. 


Process Centre : Blast Furnace. 


8. The iron making which is a complex chemical 
process undertaken at high ten perature, utilising en- 
ormous quantities of thermal energy is performed at 
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blast furnace. The input raw materials to the furna- 
ces are basically iron ore, coke and fluxes. The entire 
blast furnace complex includes blending facilities of 
iron ore (lumps, sinter, pellets, etc.), the coke oven 
atteries, sinter strands, gas cleaning, lower and blast 
heating arrangements hot blast and equipment for au- 
xillary fuel injection wherever this is practised. 


Blast furnace coms'c% also consisis of elaborate ins- 
trumentation system to record pressure, volume, tem- 
perature so that the chemical process being under- 
taken inside the blast furnace 3¢ecurs at optimal con- 
dition. Since the entire blast furnace complex is high- 
ly inter-dependent with other sub-systems design 1o 
effect the best utilisation of energies, any failure in 
the sub-system will immediately affect the efficiency 
of iron making at blast furnace. It is, therefore, ob- 
vious that the energy efficiency at given ‘blast furnace 
will depend largely on the skill of the operating per- 
sonnel or on the type of the instrumentation and con- 
trols that are employed. The detailed unit-wise energy 
consumption per tonne of hot meta] produced at vari- 
ous plants can be seen from Anaexes 3)3A to 313" 
The salient features of the energy consumption at this 
important process centre can be obsarved from Table 
6..A schematic diagram showing input energy to blast 
furnace as Well as the output eneczy from the last 


furnace may be seen from Fig. 2. 


TABLE... 6 


Comparison of Process- --Centerwise enerzy consumption of various units for the period 1982/83 to 1986/87 
Process Centre---Blast Furnaces 

















SI. Ttems Variation 010 022 021 074 023 025 
No. limits for 
1982/83 
to 1986/87 
“y sc adirie, ee - 4 5 6 7 8 9 
J, (A) Energy Input 
Coke (B.F.) Max.(a) 4.58 4.562 4 413 5.517 7.838 6.772 
Min (b) 4.4 4.003 417 4.909 6.05 5.4 
2, Steam Max.(a) 0.14 0.124 0.116 0.145 1.135 1.011 
Min(b) 0.118 0.096 0.104 0.094 0.708 0.676 
3. Electricity Max.(a) 0.05 0 032 0.085 0.035 0 07? 0.146 
Min(b) 0.044 0 087 0.058 0.031 0.067 0.106 
4, Sinter Max.(a) 0.443 0.947 1.14 0.791 0 462 N.E 
Min.(b) 0.354 0.776 0.938 0.653 0.333 
§, (a) B.F. Gas Max.(a) 0.788 0.658 0.976 0.736 0.698 0.891 
Min.(b) 0.737 0.55] 0.648 0.584 0 591 0.732 
{b) Mixed Gas Max.(a) 0.034 es Ss = s sy 
Min(b) 0.02 = oe se a 
(c) Oxygen Max.(a) = 0.402 — 0.045 is = 
Min.(b) — 0.303 = 0.033 a ra 
6. As Hot blast Max.(a) as as 1.549 ~ nce 
Min.(b) — 1.312 . 
7, Total Energy Input Max.(a) 6.015 6.659 8.186 7.125 10.098 8.82 
Min.(b) 5.684 5.827 7.36 6.34 8.282 6.973 





WAON ORE 





COKING COAL 


COKE GVEN 


SINTER PLANT 


COKE BREEZE 
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(B) Energy Output 


B.F. Gas Max.(a) 1.726 2.083 2.38 2.247 2.241 2.708 
Min.(b) 1.566 1.80! 1.934 1.73 2.069 2.366 

Net Energy consumption Max.(a) 4.324 4.579 5.892 5.179 7.913 6.112 
Min.(b) 3.977 3.945 5.39 4.592 6.101 4.427 








Source--Annexes 3/3(A) to 3/3(F), NE--Not existing. 


Table 6 shows the magnitude of variations in ene- 
rgy consumption of various types of energy inputs 
in this process centre for the peziod 1982-83 to 
1986-87. The main energy input her: is B.F. coxe. 
The amplitude of variations (Maxm—Minm) of vari- 
ous inputs as well as the total ene-z7 invit and out- 
put are mainly due to the followiny factors : 


(1) Variations of the quality of input raw mate- 
rials (Iron-ore, limestone and other fluxing 
materials) as well as Fuels (mainly coke). 


(2) Non-stablised equipment performances and 
operations leading to lower capacity utilisa- 
tion, lower yield with high siag formation 
and higher maintenance breakdown hours. 


(3) Non existence of sophistizated instrumenta- 
tion and process control and consequently 
more reliance of personal skill of the opera- 
tors. 


(4) Less and irregular use of sinter quantity in 
the burden of the blast furnace-non-opti- 
misation of burden distribution and gas~ 


Improvements by operational optimisation together 
With various investment options with its cost benefit 
status is being deals with in Chapter 5 in details. 


Process Centre : Steel Making (Open Hearth Fur- 


nace). 


9. The hot metal achieved at blast furnace is char- 
ged to open hearth furnace for steel snaking. Hot 
metal contains high percentage of carbon in graphite 
form which needs to be burnt away by oxygen so that 
the resultant mass is steel which consists of iron and 
carbon in alloy form. The process at open hearth 
furnace consists of burning away the high percen- 
tage of carbon in a furnace which is reverberatory 
and regenerative in character. This allows the furnace 
to hold the heat energy for cleaning the hot metal 
cold pig, and steel scrap, charged to the furnace. 
This furnace is an improvement over bessomer’s con- 
vertors which was used earlier. The furnace allows 
lot of flexibility in using both raw materials and heat 
energies but it is comparatively much slow in pro- 
duction than L.D. converters. The detailed unit-wise 
energy consumption of this process centre at various 
plants can be seen from Annexes 3/4A to 3/4F. The 
salient features of the energy consumption at this im- 


flow. portant process centre can be observed from Table 7. 
TABLE—7 
Comparison of Process-Centre-Wise Energy Consumption of various units for the period 1982/83 to 1986/87 
Process—Centre—-Open Hearth Steel Making 
Unit—G.Cal/T of gross Ingot Steel Produced 

















SI, Items Variation 010 022 024 023 025 
No, Limits 
1, C.O. Gas/Mixed Gas Maximum 0.139 0.848 N.A. 0.611 0.928 
Minimum 0.110 0.751 0.176 0.620 
2. CTF/P.C.M. Maximum 0.398 0.112 N.A. 0.397 0.560 
Minimum 0.356 0.043 0.223 0.421 
3. F. Oil/LSHS/B.F. Gas Maximum 0.463 0.156* N.A. 1.200 0.259 
Minimum 0.406 0.147* 0.510 0.406 
4. Steam Maximum 0.041 N.A. 0.089 0.519 0.565 
Minimum 0.031 N.A. 0.077 0.328 0.428 
5. Electrical Power Maximum 0.041 0.038 0.066 0.087 0.021 
Minimum 0.033 0.027 0.059 0.079 0.014 
6. Oxygen Maximum 0.068 0.136 0.14! N.A. N.A. 
. Minimum 0.057 0.097 0.121 
Total . : : : F - F . Maximum 1.098 1.284 0.293 2.192 2.298 
Minimum 1.031 1.072 0.260 1.884 1.862 
*— B.F. Gas : — - : 


Source-- Annexes 3/4 A-- F. 


‘Table 8 shows the variations in energy consumptions 
.of various types cf enerzy input at this process centre 
during the period 1982:83 tc 1986|87. The main 
energy input at the process centre is from oxygen. 
The amplitude of vanations (Maxm—-Minm) of 
‘various input energy a3 well as the total energy are 
mainly due to the following factors : 


(1) Variation of the quality of hot metals (Silica, 
Manganese, Sulphur, Phosphorous etc.) re- 
quired to be cleaned at this process control 
as well as the quality of fuels and scraps. 


(2) Non-stahilised equipment performances and 
consequentiv lower capacity utilisation, high- 
er consumption of refrectories, higher break 
down hours, lower temperature of input hot 
metal of converter, 


(3) Non-existence of precision instruments and 
controls, resulting reliance upon the skill 
of the operator. 


Improvements by operational optimisation together 
with various other possibilities of investments on en- 
ergy saving projects (viz. Korf-technology) together 
with its cost-benefit status is being dealt with in de- 
tails in Chapter 5. 
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Psocess Centre : Steel Making (L.D. ProcessQ 


10. Steel making from, hot metal was improved by 
an Austrian invented basic oxygen furnace process 
known as LD process. This process consumed subs- 
tantially less energy per tonne of steel produced com- 
pared to open hearth ‘process. The. LD converter is 
relatively inexpensive compared to open hearth fur- 
naces and production rate is substantially faster. In 
this process the converter receives, the charge of mol- 
ten iron from blast furnace and reverts to its original 
position. The oxygen lance descends into the mount 
of the converter and lets out a jet of oxygen and lime 
powder (wherever applied) on to the surface of the 
hot metal which produces at first the slag. 


The converter discharges the slag and takes second 
time the jot of oxygen and lime powder. The hot 
metal is now converted to steel by decarbonisation 
and some portion as slag. The convertor discharges 
the steel. The detailed unit-wise energy consumption 
of this process centre at various plants can be seen 
from Annexes 3|4A to 3/4F. The salient features of 
energy consumption at this important centre can be 
observed from Table 8. It may be mentioned here 
that like blast furnace gas LD converter has output 
energy as LD gas which after cleaning can be utilised 
as internally generated energy as could be observed 
from. Fig. 1 of this Chapter. 


TABLE—8 


Comparison of Process — Centre-wise Energy Consumption of various units for the period 1982/83 to 1986-87 
Process-Centre-Steel Making (L. D. Process) 











Unit—G. Cal/T of gross Ingot Steel Producer 














Si. Tiems Variation 010 022 021 024 

No. Limits 

1 2 3 4 5 6 7 

1, C.O. Gas Maximum 0.163 N.A. 0.053 N.A. 
Minimum 0.077 0.037 

2. Electrical Power . Maximum 0.1921 0.098 0.117 0.066 
Minimum 0.1446 0.068 0.074 0.059 

3. Steam Maximum 0.0013 N.A. N.A,. 0.089 
Minimum 0.0008 

0.077 

4, Oxygen Maximum 0.1987 0.169 0.279 , 0.141 
Minimum 0.121} . 0.169 0.241 0.121 

5. Total Maximum 0.5461 0.394 0.524 0.293 
Minimum 0.4097 0.377 0.392 0.260 

Energy Output 

6. L.D. Gas Recovered Maximum 0.0486 N.A. N.A. N.A. 
Minimum 0.0147 

7. Net Consumption Maximum 0.509! 0.394 0.524 0.293 
Minimum 0.3972 0.377 0.392 0.260 





Source—-Annexes — 3/4 A--F. 








_ Table 8 shows the variations in energy consump- 
tions of various types of energy inputs at this process 
centre during the period 1982-83 to 1986-87. The 
main energy input at the process centre is from oxy- 
gen. The amplitude of variations (Max--Min) of 
various input energy as well as the total energy are 
mainly due to the following factors :— 


(1) Variation of the quality of hot metal (Silica, 
Manganese, Sulphur Phosphorous etc.) re- 
quired to be cleaned in a short period of 
time compared to open hearth furnaces. 


(2) Non-stabilised equipment performances and 
operations leading to higher cycle time and 
consequently lower capacity utilisation, 
higher consumption of refractories, higher 
break down hours, lowcr temperature of in- 
put hot metal of converter. 


(3) Absence|Low recovery of L.D. gas and its 
utilisation as fuel. 


Improvements by way of operational optimisation, 
as Well as through proper energy eflicient investments 
(viz., L.D. gas recovery system) with its cost|benefit 
possibilities are being dealt in Chapter 5 in detail. 


Comparison between open hearth furnace and LD 
converter for Steel making. 


11. LD converters for steel making from hot metal 
provides the following advantages over the old pro- 
cess of steel making at open hearth furnaces :— 


(1) It consumes nearly 31 per cent of the total 
energy consumed at open hearth furnace 
(Ref. data of Bhilai Stee] Plant in Table 7 
and 8). This provides positive advantage on 
variable cost of production (energy cost 
approximately represents 33.3 per cent of 
the total cost of production). 
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(2) The production rate in LD converter is al- 
most 5 to 6 times faster than the open hearth 
furnace. 


LD converter may use upto 35 per cent 
scrap compared to 60 per cent scrap usage 
at D.H.F. and can produce a variety of 
quality steels of desired chemical compo- 
sition with low nitrogen content. The pro- 
cess is also suited for deep drawing sheets 
(Flat products) needed for automobile and 
other industries. 


(3) 


LD converter produces by product energy 
as LD gas with calorific value of 2000— 
2200 K. Cal/NM® which after cleaning can 
be profitably utilised at the steel plant, 
thereby reducing its energy demand from 
outside sources. 


(4) 


The investment cost of LD converter is 
comparatively low compared 1o open hearth — 
furnace for steel making. 


(5) 


Balanced flow of total energy per tonne cf hot metal 


12, In the preceding paragraphs process centre- 
wise energy consumptions have been analysed. It may, 
however, be observed that a few raw materials (e.g. 
coke, sinter etc.) are made as input to blast furnace 
which are produced in a separate process centre, 
inside the Plant. The reconciliations of the total energy 
per tonne of the hot metal produced at blast furnace 
is; therefore, necessary taking the carry over energy 
of input materials processed at the plant. The unit- 
wise variations of balanced flow energy consumptions 
per tonne of hot metal produced at blast furnace can 
be observed from Table 9. 


TABLE—9 


Unitwise Comparison of Balanced Energy Flow Consumption Per Tonne of Hote Metal At Blast Furnace During the Period 


1982/83 to 1986,77 











S!. Items Year 
No. 
1 ss 3 3 4 
1. Hore Metal’s Net Stage energy G.Cal/ 
tp at Blast Furnace F E . 1982/83 4.324 
1983/84 4.22 
1984/85 4.179 
(x) 1985/86 4.139 
1986/87 3.977 
2. (a) Sinter Stage Energy/tp (a) (a) 1982/83 0.72 
(b) 0.737 
(a) 1983/84 0.691 
(b) 0.742 





010 


Unit—G. Cal/t 


0.23 NWSCO 








022 021 024 
Y 
5 6 7 8 9 
4.485 5.806 4.878 7.4 4.427 
4.579 5.686 5.052 7.584 4.935 
4.319 5.742 5.179 7.913 6.112 
3.945 5.892 4.711 6.147 4.791 
4.06 5.39 4.592 6.101 4.62 
0.854 0.94 0.928 0.76 
1.087 1.067 0.711 0.57 
0.881 0.941 0.912 0.858 Sinter 
1.075 1.05 0.818 0.407 Plant does 


not exist 








i 2 3 4 
(b) Sinter Usage T/THM (b) (a) 1984/85 0.706 
(b) 0.695 
(a) 1986/87 0.686 
(b) 0.7 
(2) 1985/86 0.678 
(b) 0.639 
3. Sinter Energy/THM (a+b)(=(y) 1982 83 0.53 
1983/84 051 
1984/85 0.49 
1985/86 0.48 
1986/87 0.43 
4. (c) Coke Stage Energy/tp(c) (a) 198?,83 > 
(b) 0.8:6 
(a) 1983/84 1.916 
(b) 0.782 
(1) C»ke Usage Rate T/THM (d) (71) 1984/85 2.099 
(b) 0.78) 
(2) 1985/86 2.162 
() 0.793 
(2) 1986:87 2.401 
(b) 0 757 
5. Coke Encrgy/THM (c+4)=(z) 1982/83 1.63 
1983/84 1.50 
1984/85 1.57 
1985/86 1.71 
1986/87 1.59 
6. Total Energy (x-+-y+z) ‘ 1932/83 6.49 
1983/84 6.23 
1994/85 6.24 
1985/86 6.33 
1986'87 6.06 

The magnitude of variations (Max --Min ) of 
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5 6 


7 8 9 
0.778 0.958 0.925 0.896 
1.097 1.0°4 0.855 0.539 
0.739 0.962 0.934 0.89 
1.05 112 0.7 0 475 
0.829 0.849 0.915 0.94 
1.037 1.058 0.728 0.416 
093 1.00 0 66 0 43 
095 0 99 0.75 0 35 
085 0 98 079 0.48 
0.78 1.07 0.65 0.42 
0.86 0.90 0.67 0.39 
2.347 2.274 2.582 2 249 2.408 
0 823 0.752 0 89 0.90: 1.072 
2.345 2.31 2.226 2.481 2.545 
0 816 0.731 0.855 0.935 1.054 
2.304 2.311 1.644 2.664 2.321 
0.787 0 709 0 853 0 883 1.188 
2.297, * 252 1.661 2.885 2.183 
0.723 0.7.8 0.811 0 869 1.056 
2.336 2.163 3.5C5 1.406 2.252 
0.709 0.706 0.792 0 899 1.015 
1.93 1.71 2.30 2.03 2.58 
1.91 1.69 1.90 2.32 2.68 
1.81 1.64 1.40 2.35 a 
1.66 1.64 1.35 1.51 231 
1.66 1.53 2.78 1.26 2.29 
7.34 8.52 7.R4 9.86 7.01 
7.44 8.36 7.70 10.25 7.62 
6.99 8.36 7.37 50.75 8.87 
6.38 8.60 6.71 9.18 7.40 
6.58 7 2 8.03 7.76 6.91 





Improvements by operational optimisation as well as 


total energy consumptions for the period 1982/83 to 
1986|87 (Ref. Table 9) is mainly due to the following 
factors :— 


(1) Variation in the quality of input materials 
such as iron-ore, coke and fluxing materials. 


(2) Variations in the uses of sinter quantity 
which improves the burden distributions at 
blast furnace and consequently the blast 
furnace productivity and energy consump 
tion per tonne of hot metal. 


(3) Variation in the quality of coke particularly 
in respect of its Ash content (%), calorific 
value and fixed carbon (%). 


(4) Variation of Air blast temperature to blast 
furnace from hot stove. 


(5) Non-optimisation of the controllable factors 
leading to lower capacity utilisation. low 
yield and higher break down hours. 


other ways and means are being dealt with in Chapter 


Balanced Flow of total energy per tonne of cast crude 
steel 


13. Similar to paragraph 12 where balanced flow 
of total energy per tonne of hot metal has been 
determined, the balanced flow of total energy per 
tonn& of crude steel was determined. In the process 
of steel making hot metal is charged to steel melting 
furnaces. Together with the hot metal sume amount 
of scrap, cold pig are also charged. The reconciliation 
of the total energy per tonne of crude steel produced 
is also necessary as determined in the case of hot 
metal. Almost 70—80 per cent of the total energy 
input to the entire plant is consumed upto the state 
of cast crude steel making and hence balanced flow 
specific energy consumption for cast crude steel is the 
most important parameter to judge the energy efficiency 
of integrated steel plants. The unit-wise variation of 
balanced flow energy consumption per tonne of crude 
steel produced can be observed from Table 10. 
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TABLE—~10(a) 
Unitas Comparietn of Baleeced Flow v Eaerey Sesmnation Per Tonne of Crude Steel Cast (ingot) teeuh Creat Hearth Furnaces Route 





Unit—G. Cal/tes. 






































SI. Ttems Year 010 022 024 023 “025 

No. 

“1, Balanced Flow Energy/t of Hot Metal. —=«.=—«*1982/83 6.49 7.34 7.84 9.86 7.01 

(Ref. Table—-9) ; : : : : . 1983/84 6.23 7.44 7.70 10.25 7.62 

1984/85 6.24 6.99 1,37 10.78 8.87 
1985/86 6.33 6.38 6.71 9.08 7.10 
1986/87 6.00 6.58 8.03 1.16 6.91 

2, Hot Metal to Crude Steel ratic at OHF (a) —.-—*1982/83 0.602 0.83 0.559 0.846 0.99 
1983/84 0.627 0.803 0.619 0.834 1.002 
1984/85 0.614 0.837 0.595 0.872 1,003 
1985/86 0.606 0.85 0.565 0.875 0.978 
1986/87 0.618 0.88 0.572 0.863 1.034 

3, Stage Energy at CHE/tcs(b) .  . ss. «1982/83 1.043 1.072 1.634 2.192 1.898 
1983/84 "031, 1.163. 1.649. ~=«2,136—S—«.,138 
1984/85 “Y031. ~«d.175.~S*«=<C«~*~CSHTSC*«“C«‘«‘ CO 2.298 
1985/86 + +1.077..~«212.159~«*1=«.499'~t«*«é<“C«‘CHSC*«‘«iS*C«C 
1986/87 1.098 [094 ~~CO«*N«CSO7.S”*~*«*SC«CRRS(C:S*«*iC;«CRTSN 

4, Total Energy/tcs through Open Hearth Furnaces 

route ya eb eg 1982/83 4.95 7.16 6.02 10.53 8.84 

1983/84 4.94 7.44 6.42. 10.68 9.77 
1984/85 4,86 7.03 5.95 11.48 11.19 
1985/86 4.91 6:58 5.29 10.08 8.81 
1986/87 4.81 7.07 6.10 8.58 9.02 





**_No comparison with British Steel could be made as there is no Chen Hearth Furnaces at British Steel, 


TABLE—10(b) 
Unitwise Comparison of Balanced Flow Energy Consumption Per Tonne of Crude Steel Cast (Ingot) through 1-D Converter Route 
Unit—G. Cal) ‘Tes 


SI. No. Ttems_ Year 040 022 021 024 
= ; 2 3 ‘ 5 6 7 
|. Balanced Flow Energy/t of Hot Metal oe : F s . 1982/83 6. 49 7.34 8.52 7.84 
(Ref. Table-9) 1983/84 6.23 7.44 8.36 7.70 
1984/85 6,25 6.99 8.36 7.37 
1985/86 6.33 6.38 8.6 6.71 
1986-87 6.00 6.58 7.82 8.03 
2. Hot Metal to Crude Steel ratio at LD Converter (a) . . 1982/83 — _ 0.918 1.038 
, 1983/84 0.986 — 0.941 1.028 
7 1984/85 1.035 - 0,937 1.017 
1985/86 1.035 0.936 0.935 1.019 
1986/87 1.006 0.982 0.955 1.051 
3, Stage Energy at LD Converter /tacs (b) . 2 - : . 1982/83 - - 0.392 0.264 
1983/84 0.4097 _ 0.517 0.269 
1984/85 0.5461 -- 0.524 0.262 
1985/86 0.5091 0.394 0.512 0.26 
1986/87 0.2972 0.377 0.498 0.293 
4, Total Energy/tcs through LD Converter route y=x*a--b . 1982/83 0.00 0.00 8.21 &.40 
; 1983/84 6.55 0.00 8.38 8.18 
1984/85 7.00 0.00 8.36 7.76 
1985/86 7.06 6,37 8.55 7.10 

1986/87 6.43 6.84 7 


97 &.73 





There does not exist any LD Convel ter ¢ at Durgapur and TISCO, 
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TABLE—10(0) 
Balanced Flow Energy Consumption on per tonne of crude Steel Cost (SEMIS) chréugs LD-Cum-Con Cast Route 





Sl. Item of consumption of ¢ energy 
No. 





1983/84 

1 2 —_ ia 
1. Balanced Flow Energy/tcs through LD Route (a) 6.550 

(Ref. Table 10(b) 
2. Yield Correction Factor— Ingot aoe bri heads 

Cast— 0,97/0.98---0.989(b)) 0.989 
3. (a)X(b)+(c) ‘ 6.478 
3. Stage Energy at Con Cast . 0.231 
4. Total Energy/tes (Balanced FlowKo4) 6.709 











Unit : G.Cal/tes 
010 022 
1984/85 1985/86 1986/87 1985/86 1986/87 
4 5 6 7 8 
7.000 7.060 6.430 6.370 6.840 
"0.989 0.989 0.989 0.989 0.989 
6.923 6.982 6.359 6.300 «6.765 
0.231 0.206 0.157 0.124 0,139 
7.154 7.188 6.516 6.904 





Table 10-A, 10-B and 10-C, show the balanced flow 
energy consumption per tonne of cast crude steel. 
Indian steel plants have (a) Open hearth furnace to 
produce ingot, (b) LD converter to produce ingot and 
(c) LD converter-cum-continuous casting machine to 
produce: cast semis. In a given plant, therefore, the 
resultant balanced flow energy consumption per. tonne 
of cast crude steel will depend upon the route followed 
by liquid steel. This is shown in Annexure 3]7' with 
product-mix of cast crude steel either coming through 
open hearth furnace or LD converter. 


Tables 10 (a to c) show the magnitude of variations 
of energy consumption both by open-hearth process 
and L.D. Process and alsc its combined effect of 
various units. The magnitude of variations of total 
efiergy per tonne of crude steel made by cither of 
the process or combined are mainly due to the follow- 
ing factors : 


(1) The variations of the quality of hot meta! 
(Silica, manganese, sulphur etc.) and scrap 
of OHF or "=D converter. 


(2) The temperature of the hot metal input to 
the OHF or LD converter. 


(3) Non optimisation of operational parameters 
leading to lower capacity utilisations, lower 


6. act 





yield and higher break down hours with 
higher refractory consumption. 


(4)- Non use of the L.D. gas for other heating 
purposes. 


Improvements through optimisation and also by im- 
proved technique with investments are being discussed 
in’ ‘Chapter 3. 


Balanced flow of total energy per tonne of Semis 
(Bloom, Billets and Slabs) 


14. Cast crude sheets are not considered as saleable 
steel unless cast steels are rolled into blooms, billets 
or slabs by primary rolling—exception being only fn 
the case of continuous cast billets, blooms or slabs. 
Production of continuous cast billets. blooms and slabs 
in the integrated steel plants in India is at present 
marginal. It is therefore, necessary for Indian plants 
to convert cast ingots into blooms, billets or slabs by 
primary rolling after heating the ingot in a soaking 
pit from 700°C to nearly 1400°C. This, therefore, is 
associated with consumption of considerable amount 
of thermal energy by using liquid hydrocarbons snd - 
ie energy for rolling which otherwise could 
ave been avoided if continuous casting process is 
introduced. The observation may be made for energy 
consumption of different plants in India as presented 
in Table 11.. 


TABLE—11 
Plant-wise Comparison of balanced flow energy per Tonne of SEMIS. 


Unit : G.Cal/t of semis, 




















“Sh oItem Year 010 022 021 024 023 025 
No. 
1 2 a ee 4 oe ue, a 7 8 9 
1, Stage Energy (G.Cal/tp) of : 82/83 (a) 0.331 0.498 0,590 0.932 
(2) Bloom (b) 0.445 0.558 0.652 0.996 
(b) Billet (c) 0.331 0.485 0.458 0.996 
(c) Slab 83/84 (a) 0.354 0.500 0.645 0.877 
(b) 0.463 0.561 0.730 0.947 
(©) 0.354 0.524 0.433 0.947 





652 Ind.|89—10 











84/85 (a) 0.338 
(b) 0.457 
(c) 0.354 
85/86 (a) 0.341 
(b) 0.459 
() 0.341 


86/87 (a) 0.333 
(b) 0.438 


(c) 0.333 


2, Balanced Flow Energy G.Cal/T for . **82/83 (a) 5.766 


(a) Bloom (b) 6.078 


(b) Billet (c) 6.291 


(c) Slab 83/84 (a) 6.178 
(b) 6.382 


(©) 6.619 


(a) 6.285 
(b)..6. $38 
(c) 6.338 


84/85 


85/86 (a) 6.350 
(b) 6.647 


(c) 6.813 


86/87 (a),.6.134 
(b) 6.434 


(c). 6.677 











5 6 7 8 9 
0.542 0.599 0.953 
0.604 0.690 0.018 

0.509 0.416 1.018 
0.555 0.573 0.962 
0.617 0.668 1.027 

#0554 0.412 1.027 
0.644 ¥.579 0.909 
0.717 0.652 0.973 

*0 656 0.408 0.973 
8.675 0.000 0.000 12.542 10.762 
8.778 0.000 0.000 13.098 11.233 
0.000 10.275 9.907 0.000 11.445 
8.618 0.000 0.000 12.478 11.663 
8.729 0.000 0.000 13.119 12.202 
0.000 10.790 9.786 0.000 12.632 
8.521 0.000 0.000 13.261 13.307 
8.569 0.000 0.000 13.869 13.276 
0.000 10.725 9.198 0.000 14.256 
8.121 0.000 0.000 11.862 10.644 
8.098 0.000 0.000 12.411 41.282 
7.756 0.554 0.412 0.000. 11.388 
8.761 0.000 0.000 10.180 10.867 
8.743 0.000 0.000 10.699 1t.088 
8.250 10.053 0.000 11.608 








*_Slabs at Bhilai are made through Continuous Casting Machines. 


**Metails regarding balanced flow calculations are giver in Annex 3/7, 


Table 11 shows the magnitude of variations of total 
energy per tonne of semis made by the units during 
the period 1982183 to 1986/87. It also shows that 
variation of yield from Ingot tc semis and also the 
textent of rolled semis to directly produced semis by 
continuous casting method, The amplitude of varia- 
tions of total energy are mainly due to the following 
factors : 
(1) The quality of ingot and its input tempera- 
ture of the soaking pit required to raise the 
temperature of ingot to rolling temperature. 


(2) Non optimisation of process parameters, 
particularly ignition control at soaking pit 
resulting more thermal energy consumption 
and lower capacity utilisation. 


Non yniform leading and control of electri- 
cal motors of the rolling mills. Improvements 
by optimisation and investments are being 
dealt in Chapter 5. 


(3) 


15. Semis made by primary rolling of ingots or 
con. cast are saleable steels. Semis therefore may 
be sold or processed further to finished saleable pro- 
ducts. Different steel plants may produce different types 
of finished saleable products and hence inter plant 
comparison per tonne of saleable steel is not valid 
for energy consumption. However, the down stream 
products after semis are either (a) round products 
or (b) flat products or both of them. These products 
again may be manufactured with different geometrical 
accuracy as standardised by the plant or by customers’ 
demand. The down stream prccess-centre of all the 
integrated plants and their specific energy consump- 
tions (both thermal and electrical) may be observed 
from Annexed 3/5A to 3!5F. The variation scenario 
of specific energy (thermal and electrical) consump- 
tion per tonne of output at these process centres are 
shown,in Table 12(A) and 12(B). The reasons of 
variations are mainly due to as identified for primary 
rolling of ingot to semis in para 14. 
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TABLE—12.A 
Consumption of Thermal Energy (G.Cal/FP) at various post Ingot Process Centre daring the period 1982/83 to 1986/87 

















Unit—G.Cal/T of Prod.at 
Sl. Name of the As Applicable to Units _ . 
No. Process Centre SN ae et ee se 
010 022 021 024 023 025 














— pete 











_ 


Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min, 























1 2 3 4 5 6 7 8 9 10 | 11 - 12 “4B 
1, Blooming mill no.1 0.280 0.260 0.577 0.440 = - = — 0.540 0.480 0.890 0.797 
2. Blooming mill no.2 0.270 0.250 _ _ - _ _ —_ — i = 22 
3. Sheet bars & Billet . 
millno.1 . ‘ N.A. NA. NA. NLA. NA. NAL NLA NASD ON.AL NLA. NLA. N.A, 
4. Heavy Structural 
mill . . . 0.837 0.710 NA. NA. NA. NA. NA NAW NA. NA, 0.738 0.572 
5. Rail and Structural 
ml. . . NA. NA. 0.897 0.800 NLA. NA. NA. NA. NA NA. NLA, NA. 
6. Medium & light Str. 
mill . . . 0.380 0.350 N.E. N.E. NE. N.E. N.E. N.E. N.E. N.E. 
7. Light structural mill = - - aS — a ~ — 0.911 0.717 
8. Merchant mill! . 0.420 0.350 0.771 0.685 _ _ — — 0.590 0.370 0.660 0.524 
9. Merchant mill2 . 0.38 0.330 — — = - -- _ — - - ~ 
10. Strip mill. . 1.065 1.000 - — 4.111 )0.903 0.566 0.498 - - - 2 
11. Sheet mill. . 1.092 1.000 -- - - - - - -— 1.965 1.244 
12. Slabbing mill . a - _ — 0.595. 0.421 0.367 0.318 -- - - a 
13. Plate mill. . 0.773 0.710 0.900 0.728 = —- 0.731 0,599 - _ - a 
14, Bar forging . . 2.170 1.253 - -- _ --- _ _ — — oe ran 
15. Tyremill . 2.590 1.762 _ - ~ - - _ — = - 7 
16. Wire Rod mill . 3 - - — 0.674 0.518 -- — —_ _ ~ = 
17. Cold Rolling mill . _ _ _ — 0.527 0.427 0.912 0.744 _ ~ ~ as 
18. Hot rolled coil 
finishing : : a = - a _ _- _ _ _ _ — — 
19, Wheel Plant : - - _ = - = = — 0.710 0.630 — oa 
20. Sleeper mill . - _ _ _ _ _ - _ - 0.370 0.300 - tw 
21. Fish Plate plant. - ~ - _ - - - - = = ee ee 
22. Skelp mill . = = ss = = B = ~ 0.830 0.600 .—-— — 
23. Wheel plant : _— ~ - _ _ - _ — 3,520 2.346 ~ = 
= ~ -- 2,730 1.460 ~ - 


24. Axle plant. eS = A = = 
25. Pipe plant (ERW) . - a ae = _ 
26. Pipe plant (SWPP). . -— cs a 2 - | 














——-- 





Si.” Name of the 
No. process centre 


zi 


TABLE-~Z12.B 
Comparison of Electrical Exergy. donsumption (KWH/T) at various Post Imgot Ptoctss centre during the period 1982-83 to 1986-87 
Unit—KWH/T of Prod. at 





SS aera eae) as ee a, 





As applicable to units 





[rn a er ee 

















“oro 022 021 . 024 023 O25 
. Max. Min. 7 Max “Min. Max. Min, Max din, Max. : Min 7 Max. Min, = 
Go ae ee ee ae 6 7 § 9 io 2 0 oR 
1. Bloomine mill no. 1 29.80 27.50 26.50 22.40 NE. NE. NE NE. 43.00 35.40 34.50 25.10 
2. Blooming mill ny.3 32:82 30.78 
3. Sheet bars & Billet = : 
mill 42°64 31.81 28.70 23.20 NE. NE. NE. NE. 35.70 24:70 27.70 > 25710 
4, Sheet bars_& Billet 
mill 2 46.35 41.23' NE. NE; NB. 
5. Heavy Structural 
‘mill 253.81" 146.82) NB) NB. NB. NES! NE» NEWT NES  _N.E. 146,00 > 151.20 
6. Rail and Structural 
‘mill NESS NES 76.80. 68:50; NE: NB NB~ NE: NE NE NE NE. 
7, Medium & light Str. s 
mill 203.90, 157.14, NE, NE NE NE. NE NE NE. NE ‘NE NE 
8 Light Struetural mill  — = 22 a re ee = = = — 83.90 51.09 
y. Merchant mill 1 45.43 39.44 60.00 55.00 an + = ~ 115.20 69.20 72.80 62.54 
Merchant ‘mill 2: 84.60° 76.77 - as ei fh - ma es S 
10. Strip ‘mill 440.00 371.00 —  . = 10100 92.00 149.00 127,00 = oor — - 
41. Sheet-mill 247.37 203:77 3's "4 —- Le - + — 226.60 . 156.98 
12, Slabbing riill me ee = 29.00), 23.00. 36.34 F404 = = = = 
13, Plate mill 99.16 88,53, 374.29 333.00 a — 128.00 119.00 = — = - = 
14. Bar forging 364.37 241,26, carn 2 _ — - — — - i ~ 
15. Tyre mill 594.63 453.03 = = zs = = = = + bs ra 
16. Wire Rod mill Mie “110.70 93.20 ie ass ae = a = ae 
17. Cold Rolling mill =§= —  — | — = 194.00 168.00 245.00 214.00 =e x 
18. Hot rolled coil a o 
finishiag = rey Gd) 19.00. gy - - ae 2 = 
19. Section mill = eS - - = - = — 120.80 100.40 = 
20. Sleeper“mill ie 2s 7 = ye : - ~ 38.10 29.90 ss a2 
2}, Fish plate plan. 7 - i yee ee 2 —~ (= 27,00 17.70 = e 
22. Skelp-miil we _- - _ _ Raw Paz: 112.30 83. —_ _ 
23. Wheel Plant a eo ee = = 7 3 ~ 212.50 156.9¢ 2 a, 
24. Axle plant - - - - - _ - — 522.40 380.60 - - 
25. Pipe plant (ERW) = = = = _ — 89.00 75.00 - _ “ _ 
26. Pipe plant (SWPP). ss Z = zs ae — 124.00 88.00 Ee _ = = 
Process Centre Energy Utility Services process centres existing in. the,iftegrated steel plants. 


16. In the preceding paragraphs, observations hav. 
been made of actual energy consumpffon, per tonne 
‘of output at the process centre Of af Me productive 


Besides balanced flow engrgy.consumption per tonne 


of (a) hot metal, (b) cast crude stee! and (c) semis 
have been determined, exchifding,¢however, the gnergy 
‘utility service departments. ‘All-integrated steel plants 
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process their input primary sources of energy into 


useable form of energy which #® consumed at different 
process centres. This. processing .of input primary 
sources of energy into usable form of energy is. always 
associated ‘with losses. The efficiency of conversion of 
primary sources of energy into useable form and its 
consumption at productive process centres determine 
Significantly ‘the overall efficiency of energy manage- 
ment and hence, the energy utility services together 
with secondary sources of energy generated at some 
of the productive process cetnres of the plant needs 
careful scrutiny of Energy Audit study. The important 
secondary sources of energy, its generating sources and 
consuming centres may be observed from Table 13. 


TABLE 13 





S!, Primary source of Secondary Where the secon- 

No. energy input and source of useable dary source of 
the process energy produced - useable energy 
centres/Dept. consumed 


1 , 2 3. 








1, Coking coal to 
coke oven plant. 





a) Used all over 
the plant as 
heating medium. 

b) Used in open 

heart furnaces/ 
sold out. 





a) Coke oven 
gas 
b) Tar products: 

















(3) 


(1) 


2 Noncloking coal , 
to boiler houses. 


(2) 


Steam 





7 ewe 
a) ‘Used in various 
process centres. 
b) Used for cap- 
tive power 
seneration. 


3. Iron ore, coke Blast furnace a) May be. tlenced 

' and flux at blast Gas wich coke oven 
furnaces. gasand used as 

heating medium 
all over the 
plant. 

4, Hot metal, steel L.D. Gas a) May be cleaned 
scrap and oxygen "and used as 
to-LD converters - heating medium 

: : in the plant. 

5. Air to oxygen . Oxygen Used mainly for LD 


plant for cryogenic 
separation of oxygen 


converter and 
partially at open 
‘hearth furnaces 
using KORF- 

- . technology. 


Coke Oven Gas 


17: (a) Blended coking coal charged to coke oven, 
(b) total production of C.O. gas, (c). production: of 
C,O. gas per tonne of charged coal, (d) consumption 
of C.O. gas, (e) Line and bleeder losses and (f) Calo- 
rifice value of C.O. gas for the period 1982-83 to 
1986-87 may be obserped fram Table . 14. - 














TABLE-14 

Coke over gas- Production per tonne of Coal charged and total production of integratéd Steel Plants for the year 82-83—86-87 
sl UNIT/CODE 1982-83 1983-84 1984-85 1985-86 1986-87 
No. 
0) dd) (2) . GB) (4) 6) (6) 
A, Charged Coal to Coke oven Plant’ (000 T) : 

1. O10. ae ty gt he 2405 2273 2285 2267 2798 
Ree BS ee is BY ke 3017 2944 2967 3135 3043 
B2.O2le: 1G fe ke EO ee cme Se 3347 3497 3410 3674 3693 
4. 024 ; 1746 1688 1832 1875 1641 
5.0236 es Ok ye Oe ee dey” te a 1830 1430 "4259 1472 1676 
6. D280 4s. th. Sei eet ae 1785 1850 1307 1209 1049 
B. Production of C.O. Gas (Million M°) 
Lomo... eee ae ee 664 637 643 633 640 
3, 022.7 : 811 810 802 885 844, 
a 7) tas 939 982 965 .  1038—«1065 
“4. 024. 463 454 488 - 508 445 
Bi SONG dy, eg, a 8 392 377 306 360 429 
62S Es OE as GS 475 426 33: . 317 274 
,C, Prodretion of C.O, Gas/T of Coal Charged (NM3/T) ; ; 
"hr oo. SOR a eh as 276 280 281 . 279 279 
Be MO gat h 269 275 270 277.276 
"3 oat. 281 281 283 283. 288 
“a> 014 Me : 265 269 266 271-4 
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(0) 63) (2) (3) (4) (5) (6) 
ee eee AAR IR I MEE ANE DSS MERINO PB RE GEE be a 
5. 023 : ; ; : ‘ : : : : . 233 264 243 245 256 
6. 025 . é ? : ‘ : : p : : F 266 258 258 262 , 281 
D. Consumption (Million M3) 
100. 8... : . Le. ok. > a 654 626 633 623 596 
2 022. °°. . ; : oe ; eR 809 808 801 883 339 
3. Ob. . ae . be. 4 ae ee 900 967 959 1029 1057 
4024. =. =... : oS oe : ee 461 454 483 507 444.8 
5. 0233. . . . ; ; ae. tes : be - i 375 362 293 340 . 391 
6 05. . . . : a re ; ; 474 426 336 316.273 
E. Line/Bleeder Loss (Million M3) ‘ 
1.00. . . .. 2 * ee : . ; 10.0 11.0 10.0 10.0 44.0 
A | Jae a a a Oc 1.4 1.5 1.3 2.0 1.9 
3. OU. . eo ae wee. Sao: 39.0 15.0 6.0 9.9 8.0 
404 .0°«°.0°«.0¢6064820¢8[82 a ht 1.2 0.6 0.2 0.6 0.2 
S023 a) oad is pes OS Se 2.0 2.4 0.8 3.0 2.0 
6 05. . . .. . 7 Ae oe aA 1.1 0.7 0.4 0.5 0.4 
F. Calorific Valae KIAL/NM3) 
1. o1o . : r , - ‘ : ‘ . F 3 4320 4280 4329 4255 4268 
2. 022. . : ; . : ; 3 : 2 : 4214 4196 4232 4286 4238 
S02 a ok ag a cs OR. OR ar CE ; . 4078 4087 4104 4106 4110 
4. 024 . : 5 ‘ : 5 : F 4 7 3760 3736 4972 3905 3841 
5. 023. ; Doe le lel le el : 4490 4009 3839 4113 4181 
6. 025 : i . : 2 ‘ : : r : 4077 sii oy 3957 pete 
Examination of the data presented $ in Table 14 together acing partially or fully the use of liquid 
with other relevant information of coke oven plants hydrocarbons presently being used. 
leads to the following inferences ; (2) Heat energy content of coke oven gas re- 
(1) Generation, collection and distribution of presents 15 per cent to 18.5 per cent of the 
coke oven gas and tar product to various total input energy from coking coal to steel 
consuming centres is an extremely important plants (coking coal’s energy input alone is 
activity of energy management since (a) 67 to 80 per cent of total energy inputs 
coke oven gas contains high heat value (b) from all primary sources of energy input to 
it is a clean fuel source and can be used as stee] plants) as could be observed from 
heating medium in reheating furnaces re- Table 15. 


TABLE 15 


Energy Content of Coke Oven Gas as percentage of the input energy content of the blended charge to coke oven batteries during 1986-87 























Ss. Items 010 022 021 024 023 0235 
No. 
1. Calorific Value (Kcal/kg) of blended charge of coke oven : 6754 6776 ~—-6 702 6723 6522 5746 
2. (a) Heat Energy in G. cal/T of blended charge tocoke over. . 6.754 6.776 6.702 6.723 6.522 5.746 
(b) ITscostin Rs. /Goal_. F : . $ , ; 100 131 95 105 86 114 
3. Calorific value (K cal(/M3) of the coke Oven gas produced : 4268 4238 4110 3841 4184 4077 
4. Qty (M3) f C.O. Gas produced /T of charged coal , ; 279 276 288 271 256 261 
5. Heat Energy in Coal of C.O. a of blended eal of coke 
Ovens . 1.191 1.170 1.184 1.041 1.071 1.064 


6. Heat Energy ( Di )in C.O. gas of total heat tne of charged 
coal to coke oven [5 — 2(a)] 
7. Cost (Rs. G. cal) from li quid Hydrocarbons LSHS/Fuelo Oil. 300 380 353 347 313 316 


ge ae 


17.63 17.26 17.66 15.48 16.42 18.52 











aE 


(3) 


(4) 


SL 
No. 


(0) 


en 








It is quite evident that efficient generation 
(290 NMit of blended charge to coke oven 
is achievable) collection and its consumption 
will improve the overall thermal energy 
efficiency of steel plants. Moreover, being 
a clean fuel it would replace the use of 
liquid hydrocarbon which is three times 
more costly per G. Cal unit of energy com- 
pared to coke oven gas obtained from blen- 
ded coking coal charged to coke ovens. 


In many cases it has been found that the 
quality of coke oven gas available at the 
integrated steel plants is not quite sufficient 
to cater to the needs of heating at various 
re-heating furnaces and other urgent process 
centres. In order to cope up with higher 
requirement of coke oven gas, the possibili- 
ties of installing simplified coke oven plant 
using high volatile low strength coking coal 
to achieve more coke oven gas exist under 
India context. This high volatile coking coal 
may not produce coke of blast furnace qua- 
lity but it will help the plant of meeting its 
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thermal energy requirement instead of buying 
liquid hydrocarbon and thereby paying three 
times more most per G. Cal unit of thermal 
energy. This was discussed in one of the 
papers presented at the Round Table Steel 
Conference in 1985. If this scheme is intro- 
duced the integrated steel plants will be 
in a position to achieve more coke oven 
gas and sell the soft coke to state govern- 
ments for meeting consumer demand. At 
present soft coke production in the coun- 
try is not being fully met by Coal India 
Limited and there are small scale soft coke 
producers who are unable to utilise this 
valuable source of coke oven gas. This, 
therefore, needs careful scrutiny from the 
energy management point of view. 


Blast Furnace Gas 


18. The production, consumption and losses of BF 
Gas against consumption of BF coke and hot metal 
production during the period from 1982-83 to 1986-87 
may be observed from Table 16. 


TABLE 16 


B.F. Gas Production Consumption qnd Lossés at Steel Plants 





Unit/Cade 


@ = 


1982-83 1983-84 1984-85 





A. Coke jana to ihc e Blast Furnace (000 T) 


NwP wp 3 


024 


oro . 
022. 
021. 
024 =. 
023. 
025. 


. Production of B.F. Gas (Million M*) 
010 . 


022 ~~. 
02k . 


023. 
025 . 


Prod. of B F.. Gas/T of Coke (M3/T) used in Blast Fernace 
O10 . 


022. 
021 «. 
024 . 
023. 
025. 


1985-86 1986-87 

(2) (3) (4) (5) (6) 
1461 13644 1396 1380 1465 
1968 1777 1889 1930 1825 
1649 1663 1701 1837 1985 
1070 1017 972 997 998 
951 914 780 925 1012 
978 889 804 910 837 
3538 3389 3380 3530-3777 
5429 50388.-«=S «5320-8725. 5375 
5824 5570 5346 5736 2431 
2548 2586 2208 2364-4418 
2731 2624 2415 2841-3152 
2575 2297 2005 2448 2323 
2422 2485 2421 2564-2578 
2759 2835 2816 2966 ©2945 
3531 3353 3143 3148 ©3189 
2659 2546 2326 2371 4.2421 
2872 2871 3096 3071-3115 
2631 2584 2494 «2580-2775 


fm ek ne ee ee 





(0) 
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TABLE 16 (contd.) 





() 





~] 


021 


021 


Be NER Aw Rw N oo 


TION 


DoE So 


021 


021 


jA AP EP Ne Taw pe v=o 


. Hot Metal Prodan. Blast Futnace ('000 T) 
010. so i 


022. 


4 . 


024 . 
023. 

O82 gh ap sy 

B.F. Gas Prodn./T of H.M. (NM3/T) 
oo..° 2. 2. 
022 . 


024 . 
023 . 
025 . 
. Consumption (Million M?) 
010 . 
022. 
021 «. 
024 . 
023 
025 . 


Line/Bleeder Loss (Million M?*) 
O10 . 


022 . 


024 . 
023. 
025. 
Calorific Value (KCal/NM3) 
010 . 
022 . 


024 . 
023. 
025. 








Examination of the date presented above (Ref. Table 


16) 


and other 


relevant information lead to: the 


following observations :— 


(1) 


B.F. gas is a by-product of Blast furnace 
arising out of the chemical reaction of’ coke, 
limestone and Iron Ore during the reduction 
of Iron oxide to Tron. As a by-product 
source of energy it is an extra gain and its 
use will improve the thermal energy 
efficiency of the steel plants. 


(2) 





(2) (3) @ - @) (6) 
1793 1746 1805 1753-1940 
2330 «2124. 2399 OF 
2194 2275 2400 2524 =. 2815 
1203 1150 1139 2129 1223 
1856. 977 834 1065 1225 
92 844 677 862-824 
1973 1941 1873 2018 1947 
2330-2372 2274 2199 2141 
2654 2451 «2228 2291 ©2251 
2367 2251 1985 2094 1975 
2586 2686 2732 2668 2882 
2823 2722 -2962 2724 2819 
3533 3385 3359 3491 3758 
5264 4884 5152 5542 5208 
5410 5285 5051 5524 6021 
2839 2587 2257 23.7 2399 
2516 2456 2308 2684 2989 
2432 2239 1954 2295 2265 
5 4 21 47 19 
164 154 168 184-166 
412 292 295 257-310 
8 2 4 7 17 
215 168 107 157 163 
143 57 52 52 59 
859 833 836 855-877 
894 877 863 856 841 
897 880 868 874 875 
949 919 880 899 985 
808 800 800 800 800 
902 869 914 907 


887 





It is weak gas with lower calorific value 
(calorific value 800—914 K. cal|NM*) and 
as such can be used effectively by mixing 
with coke oven gas, alternatively it can be 
used directly wher3 heat input rate is not 
very high. 


(3) B.F. gas’s contribution to the total energy 


input to the steel plants during 1986-87 
varies from 9 to 23 per cent as may be 
observed from Table 17. 








“Ss OO Items tilt 
No. 
(0) (1) 


45 








1. Total energy input in Million Coal from all primary energy sources 


(Ref. Table 1) 
2. Total Energy available from yearly production of BF Gas 
(a) Production of BF gas (Million M3) 
(b) Calorific value in K.cal/M3 
(c) Total available energy in Million Coal 
3. B.F, energy as % at total energy input 











Steam Generation for Electrical power and Process- 
centres 


19. Every integrated steel plant needs process steam 
at productive process centres. This provides the oppor- 
tunity to generate steam at high pressure, pass it 
through turbines and use the exhaust steam for tur- 
bine for process centres, resulting in gain of electrical 





TABLE 17 

oo 022 021 0.24 023 025 
(2) (3) 4) 6) (6) (7) 
23.18 28.03 30.78 14.92 14.06 10.90 
2578 2945 3189 2421 3115-2775 

877 841 875 885 800 887 
2.261 2.477 2.790 2.143 2.492 2.461 
9.75 8.83 9.06 14.36 17.72 22.57 





power by co-generation principle which increases the 
overall thermal efficiency of the system. The (a) 
actual generation of steam, (b) Boiler efficiencies, 
(c) the quantity of steam passed through turbines to 
generate electrical power, (d) overall thermal effi- 
ciency of power generation and (e) steam consump- 
tion at various production centres for the period from 
1982-83 to 1986-87 may be observed from Table 18. 


TABLE, 18 


Steqm Generation, Electric Power Géneration (By Co-Generation Principle). and Consumption of Steam at Productive Process 


Unit/Code 





Sl. 
No. 


(0) (1) 


“entres of Integrated Steel Plants 











A. Steam Generation (°000 T/A) 
olo . 


022 ~«. 

021 «. 

024 ~. 

023 ~. 

025. . 

. Boiler Efficiency (%) 
010 . 

022. 

o2z1.. 

024. 

023 

025 

. Steam Quantity passed through Turbine (000 T/A) 
010 

022. 


BAw aR YN 


vu PF ey FA Aw YN 


“652 Ind/89—11 


§ 


1982-83 1983-84 1984-85 1985-86 1986-87 
(2) (3) (4) (5) (6) 
6095 6202 6499 6542 6828 
4169 4652 4936 5767 $677 
7217 10819 11447 11341 10987 
4510 4151 4730 4137 3768 
2595 2498 2537 2568 2609 

52.87 52.87 55 87 59.87 60 87 
83.2 83.6 83.6 80.4 812 
68.9 78.07 84 85.24 82.35 

77.4—83.0 83.5 81-84 81-83 81-83 
88.6 16.7 81.8 81.6 78.1 

2716 2920 3181 3181 3294 
1746 2204 2400 2632 2286 
2295 3906 4071 4052 4034 
2160 1867 " 1958 1982 1524 

386 335 315° 32 32 


TS etencanineenit ee 


(0) “@ 


. Overall Thermal Efficiency of Power Generation 
olo . 


022 . 
021~«. 


024 . 
023: «. 
025. 


Aw FF YN EY 


is] 


» Steam Consumed at productive Process Centre (000 T/A) 
010 . 


022. 
3. 021 . 
4. 024. 
5 
6 


= 


) 


023 . 
025. 





Examination of the data provided in Table 18 and 
other relevant information lead to the following in- 
ferences :— 


(1) The boiler efficiencies vary from 52 percent 
(TISCO) to 85 per cent (Rourkela) which 
by itself is low compared to uniform effi- 
ciency of 85 per cent achieved all over 
the world. Efforts, therefore, are necessary 
to replace old boilers by modern boilers of 
fluidised bed tvpe. 


(2) The overall thermal efficiencies of captive 
power genefaticn vary from 12 per cent 
(TISCO) to 25.6 per cent (Bhilai) which 
compared very unfavourably to 30—35 per 
cent achieved elsewhere in the world 
(power plant of HINDALCO has achieved 
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(2) GB) (4) (5) (6) 
15.43 15.42 15.34 13.34 2.33 
25.0 24.7 24.4 25.6 25.6 
a 20.98 21.32 21.22 22,13 
2096 22.42 22.26 21.87 22.17 
22.6 22.7 22.5 22.3 22.6 
3282 3318 3368 3334 
1488 1443 1335 2029 2017 
NAA. 11729 11447 113441 10989 
1169 1096 1278 1097 1769 
2523 2428 2376 2517 2537 
35 per cent overall efficiency of power 


generation consistently for years in India). 


(3) The consumptivn of steam per tonne of out- 
put is also considerably high compared to 
other moderately efficient plants abroad. 


(4) (a) Captive generation of electrical power 
(b) Purchased electrical power from state 
grids and (c) consumption of electrical 
power for operations may be observed from 
Annex 3|6. As salient feature the contribu- 
tion (per cent) of purchased power from 
state grids to the total available power 
(MW!) for the period from 1982-83 to 
1986-87 may te observed from the follow- 
ing Table 19. 











TABLE 17 
Total Power Availability vis-a-vis purchased power from State Grids 

Sl. Item Year TISCO Bhilai Bokaro Rourkela Durgapur TISCO 
No. 

() @) (2) (3) (4) (5) (6) 7) (8) 

1. Purchased electrical power as % to 82-83 40.37 74 83 54 46 51 46 78 94 43 99 

total power availability 83-84 41 27 66 01 60.34 58.31 80.96 51 53 

84-85 38.49 67.75 56.79 60.00 &L 58 58.89 

85-86 40 08 66.49 62 17 58.54 82.56 59 O1 

86-87 37.08 70.70 58.09 68.79 82.81 49.54 

2. Total availability of electrical power 82-83 1025 872 1270 89] 365 266 

in MWHx10° (Details in Annex 3/6) 83-84 1105 957 1341 887 360 256 

84-85 1179 1142 1437 996 344 247 

85-86. 1218 1366 1495 954 378 263 

86-87 1 20 7 1439 1458 959 380 262 














(5) The dependence upon state grid power 
varies from plant to plant. Dwring 1986-87, 
it Was maximum at Durgapur Steel Plant 
and minimum at IISCO and Bokaro Plants, 


Oxygen. 


20. Oxygen generated at the plant through oryo- 
genic process caters mainly to the need of oxygen at 
L.D. Converter and to the modified open hearth fur- 
naces where KORF—technology is employed. Oxy- 
gen lancing accelerates the steel making by burning 
off the carbon content of the hot metal and other 
impurities as a result of which steel production rate 
increases considerably compared to open hearth fur- 








TABLE 20 
Oxygen— Production, Consumption and Losses at int grated Steel Plants 

“St ~S~*~*~*«NtCode 1982-83 1983-84 1984-85 1985-86 1986-87 
No. 
(0) qd) (2) (3) (4) (5) (6) 
A. Production (10 NM?) 
1. 022 . 105255 105798 187043 274590 299461 
2. O21 . 239704 278327 293343 284349 270526 
3. 023 . 32599 31640 34152 40034 45089 
4. 024 . : . 115651 119145 116327 117766 120870 
5, O10 . : - 27872 66181 88960 94748 106712 
B. Total Electrical Power Cons, at Oxygen Plant (10 KWH) ; 
1. 022 ‘ ; : F : : =e .n 89131 116575 210181 300712 316850 
2. O21 . : ‘ : : 54894 57854 57104 574974 $6359 
3. 023 , . . ° : . * : ; j 30598 35463 32925 39333 42030 . 
4. 024, r ‘ A ‘ 122779 122885 125718 125560 136585 
5. O10. F ‘ : : : : 66678 87287 94399 62255 
C. Electrical Power Cous./NM3 of oxygen production 
1. 022. . . . ° ‘ * . 0.85 1,10 112 1.10 1.06 
2. O21. : . . . e 0.23 Q.21 0 19 0.20 0.211 
3. 023. . . ‘ 0.94 1.12 0.96 0.98 0.93 
4. 024. : . * . e ° 1.06. 1.03 1.08 1.07 1.13 
5. 010, . . : : 1,01 0.98 1.00 0.58 
D. Total Consumption (10 NM*) 7 
1. 022. 105255 105798 187043 274598 299461 
2 O21. 176595 228113 251927 184187 194995 
3. 023 . 30873 30036 32694 38347 42759 
4, 024 . a) 4 96331 98983 96728 95138 98482 
5% Ol. gg 27872 66169 88960 94748 106712 
E. Line/Bleeder Loss(18 NM) . 
J 022. . 235 269 . 239 299 336 
2. 021. 63109 50214 41416 100162 75531 
3. 023. : _ 1726 1604 1458 1685 2330 
4, 024 . 19320 20162 19599 22628 2238 
5, 010 . 





No Oxygen pladt exists in case of IISCO. 
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naces, At present nearly 35 per cent of the total liquid 
steel produced at the integcated steel plants is from 
LD converter and in future this peicentage will in- 
crease further as more and morc steels are produced 
through LD conveiters. The demand of oxygen wilt 
consequently incr2ase in future years for use in (a) 
LD converters (b) CHF-furnace with K or F techno~ 
logy and (c) Blast furnace. This implies that produc- 
tion of oxygen needs to be efficient not only from 
energy consumption point of view but also from pro- 
ductivity and cost. The actual performances of (a) 
Generation of Oxygen, (b) Consurption of Oxygen 
and (c) Line and hlzeder losses for the period 1982-33 
to 1986-87 may be obsorved from Table 20. 


22 





Tw 


TABLE 20 (contd.) 











SI. Plants 
No. 
(0) @ 





Consumption of Oxyg en at L.D. Conv verters of the ellis Steel Plants. 





1984-85 








J. Production of Liquid Steel from LD Converters (‘0800 T) 
G) 010 . 


(ii) 022 . 
Gii) 024 . 
(iv) 023 . 


2. Consumption of Oxygen at LD Converters (0008 M*) 
(i) 010 . 

(ii) 022 . 

(iii) 024 . 

Civ) 023 . 


3, Oxygen Consumption on NM 2/T of Liquid Steel. 
(i) 010 . 

(ii) 022 . 

(iii) 024 . 

“ 023 . 





—1 Kwh of Electrical energy has been tahen to be 2530 Koal with 34% conversion efficiency (Ref. Units ‘adopted in the study.) 





1982-83 1983- a4 1985-86 1986-87 
(2) @) (4) (5) (6) 
441 417.4 637.5 713 903 
ou 7 — 454.3 700.4 
1180 1121.4 1154 1213 1134 
1872.4 1738 1992 2070.2 2126.4 
= 24618 43825 46705 55997 
oe = - 30608 47549 
57221 54062 54209 57463 61914 
176595 228113 251927 184187 194995 
- 58.97 68.7 65.5 62 
~ — - 67.3 67.5 
48.5 48.2 46.97 47,37 54.57 
94. 31 131.25 126,46 88.97 91.7 











Banna of the data presented in the above Table 20 leads to the foltowimg important observa- 


tions as given below in Table 21. 





























TABLE 21 
Important Efficiency Parameters of Oxygen, Generation and powantick at LD converter. 
SI. Ttems Wahation Unit Code 
No. Limiis* 010 022 021 024 
(0) Q) (2) G. (4) 6) (6) 
1, Electrical Power consumption in KWH/M3 of oxygen produced Mam 1.0L 1.12 0.23@ 1.13 
; Minm 0.58 0.85 1.19 1.03 
2. Oxygen consumed in M3 per tonne of liquid steel produced at LD 
converter ; ; ‘ : . ‘ ‘ Maxm 68.6 67.5 131.25 54.59 
Minm 58.97 67.3 8a. 97 46. de 








~ #1982/83 to 1986/87. @Data unreliable. 


The above variations clearly indicate the possibi- 
lities of improvements in this important energy utility 
service which is being discussed in Chapter 4. 


L. D. Converter (B.D.F.) Off Gas. 


21. L.D. Convettzre gas, generated at the conver- 
ter, during oxidation of carbon in the liquid hot me- 
tal is an internally geucrated fuel source which after 
cleaning uae collection can te used as gaseous fucl 





— a eon, 


for heating at various process centres of the plant. 
This gas has a calorific value of nearly 2006 K. cal] 
NM? and hence a richer gas in heat value than B.F. 
gas. It is understood from TISCO that the recovery 
rate of this L.D. Gas at TISCO’s L.D. converter is 
at present 45 NM?T of liquid steel produced from 
L.D. concerter. This recovery rate of 45 NM'IT of 
liquid steel may bc compared to Nippon Steel Cor- 
poration (NSC) as Pe =nted in Table 22, 
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TABLE 22 Ey DS. Pests On oe 
_ LL.D. Gas Recovery per tonne of Crude Steel from L.D. 4. 1979 . 90 
Converter at Nippon Steel Corporation (Japan). 5. 1981 102 
Sl. Year L.D. Gas Recovery Source : World Bank’s Technical Paper No. 22 on Energy 
No. in NM3/T of Crude Efficiency at Steel Plants. 
steel produced. 
as a) 7 >= Q) The recovery rate of this gas at Bulai, Bukaro and 
ie tte = zee Rourkela is not knowa, The puteiiei heor energy of 
1, 1973 . al this gas, if utilised successfully at cll the yJants using 
2, 1975 . 64 LD converters could be assesscd for 1986-87 as given 
3, 1977 . 82 in Table 23. 
TABLE 23 
SI. Item Year 010 022 021 024 = Tota! 
No. 
(0) (1) (2) (3) (4) () (6) (7) 
1. Production of crude steel from LD converter 1986-87 550 704 922 702 3078 
10®xI/A 
. If revovery rate of LD gas is 60 NM2?/T then gas recovery in 
106 NM® : oot te : : ; «1986-87 33 42,24 55.32 54.12 184.605 
3. (a) Total heat value — 2000 Kcal/M? in Million Gcal 1986-87 0.066 0.084 0.111 0.108 0.369 
4. (a) Total input of energy in Milljon Gcal. + | 1986-87 23.18 28.03 30.78 14,92 96,91 
1986-87 0.28 0.72 


(b) Possible contribution (%) of LD gas if used 


0.29 0.36 0.38 





It is evident from the above that efficient collec- 
tion, cleaning and consumption of L.D. gas wouid 
improve the energy efficiency by reduced demand of 
purchased energy input to steel plants and reduced 
energy consumption per tonae of crude steel. Thys- 
sen Stahl of West Germany by efficient collection, 
cleaning, storing and consumption of LD gas has 
reduced 0.226 Gcaljt of crude steel in 1985 indicat~ 
ing thereby a recovery of 110NM'‘ of LD gas|T of 
crude steel produced at L.D. 


22. In the preceding paragraphs unit-wise and pro- 
sess centre-wise actual energy consumption scenario 








with in detail in Chapter 4. 








of all process centres existing in each plant has been 
presented snowing the amplitude of variations of encr- 
gy consumptions in individual units and also amongst 
the units, for the period from 1982-83 to 1986-87. 
This scenario provides the present status of energy 
consumption of the industry. It also provides the 
possibilities of analysis of inter-plant performances. 
This again will provide the analytical possibilities of 
comparisons with other efficient plants abroad. These 
comparisons are held to be necessary to know and 
identify the various measures and technological op- 
tions available for improvements. This is being dealt 





CHAPTER 4 


Performance Comparisions and Technology Scapping 
for Improvement 


1, Integrated steel plants producing steel through 
the route of blast furnace-cum-open hearth furnace 
or basic oxygen furnaces throughout the world em- 
ploy basically the same technology. The technclogy 
was introduced much before the oil crisis of 1973. 
After the energy crisis of the world in 1973 several 
tetrofit technologies were introduced in various pro- 
cess centres of the steel plants to reduce energy con- 


that specific measures can be identified for improve- 
ments which are adoptable under Indian context. Be- 
for identifying specific measure suitable for adoption 
in the Indian context, process-wise possible methcds 
of energy conservation irrespective of its investment 
co.nplexities are reviewed in this chapter comparing 
the performances in efficient plants abroad. Plant- 
specific investments and other measures of energy 
conservation with cost-benefit implications under In- 
dian context are discussed and formulated in follow- 
ing chapters. 


sumption per tonne of steel (Semis) as well as for 
downstream end-products, These energy saving mea- 
sures were adopted mostiy in the industrialised coun- 
tries of the world and to a lesser extent by the deve- 
loping countries like India. It is of great importance to 
compare process centrewise energy ccnsumption sce- 
nario of Indian plants with its counterparts abroad so 


Coke Oven Plant 


2. Energy efficiency and other relevant producti- 
vity parameters of Indian plants vis-a-vis more effi- 
cient paints abroad may be observed from Table 1 
for coke-oven plants. 














TABLE-1 
Coke— Oven Plants 
“S.  Items of Comparison Variation 010 022 «»«02k-~St«i 24 023. ©025.~—=SOi&BSC 
No. limits (British 
1982-83 : Steel 
to Corpn.) 
1986-87 (1986) 
data 
“oO | (b Q) (3) @ 6) (6) D ® © 
1. Net consumption of energy/t of coke Max 2.162 2.347 2.3L1 3.503 2.885 2.545 1.549 
(gross) G. Cal/ T ; (Av.) 
Min 1.915 Bi292 2.163 1.644 1.493 2.193 
2. Energy yield loss % of coal input . Max 12,52 13. 86 15.18 27.19 16.4 135.18 2.7% 
Min 10.66 13.32 13,35 7 es 5,82 7.21 
; oe Max 0815 080i 0872 0.78 0873 0.83 10% 
SOT ee tis 8.5) 20) 2.8) i TC 
Gross Coke 
Min 0.777 0.78 -- 0.72 0.777 0.743 8% 
(22.3) (22) (NA) (28) (22.3) (25.7) 
4, Cooking Period . Indian plants 18-22 hn Plants 
abroad 
15-16 
hours. 
5. MIO value (%) India " plants 12-18 hrs. Plants 
(Strength of the coke) Pies 








ee tn 


Figures ( ) in Paranthesis represent yield losses (74) of coke in screening, to obtain B.F. Coke. 
Source— Annexure 3/1A to 3/1F 
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The most efficient Indian plant TISCO consumes 
23.6 to 39.6 per cent more energy as compared to 
the British steel plants. The higher consumptions of 
Indian plants are due to:— 


(a) non-optimisation of various parameters such 
as blending of the charged coal and its de- 
sired crushing level governing both input 
energy as well as the output energy. 


(b) Lower capacity utilisation, and higher  re- 
pairs due to failures of refractory of ovens 
thereof. : 


(c) not controlling properly the calculific value 
of the mix charge of coal to coke oven bat- 
teries and also not being able to optimise 
the temperature distribution in the combus- 
tion chamber of the coke oven plant by in- 
strumentations of heating contro). 


The scope for reduction of energy consumption is 
possible through the following means : 


1. Waste heat recovery system. 


2. Introduction of more energy efficient equip- 
ment together with controls through proper 








The identified waste heat recoveries and other 
means of improvements under Indian context are — 


1. Recovery of sensible heat from coke by 
dry quenching process. 


2. Charging of dried coal to coke even plant 
stamp charging of coal to coke oven, 


3. Recovery of the sensible heat from 
oven gas. 


coke 


For introduction of more energy efficient equip- 
ment and control, it may be stated that automatic 
ignition control of coke oven gas will increase the 
energy efficiency considerably. These are being dealt 
in detail in Chapter 5 where every energy saving pro- 
ject will be analysed for its cost/benefit status. It may 
however be mentioned here that technology deve- 
lopment for coke production in the context of deteri- 
orating coking coal quality in the country, with focus 
to improve the coke strength (MIO value) to 8 and 
ash content of 20-21 per cent will have profound in- 
fluence on productivity and specific enerey consumv- 
aoe. This calls for intensified R&D efforts in this 
eld. 


Sinter Plant 


3. The energy efficiency of Indian plants vis-a-vis 
mote .efficient plants abroad may be observed from 























instrumentations. Table 2. 
TABLE-2 
Unit : Callt.p 
S. Items of comparison Variation 010 022 O02 = 024.—=i™ 023'~=*«~“‘<‘«CS:S*CéS 
No. limit 1982/ (British 
83 to 1986/ Steel 
1987 Corpn. 
1986) 
(0) (1) @) @) (4) Oo © @ @) 0) 
1, Consiaption of enzray/t of Sinter pro- © Maxm 0.720 0.88! 0.962, . 0.934 0.940 NE* a 
duced 0.553 
Mmm 0.678 0.739 0849 0.912 0.760 N® 
2. Sensible heat lost in sinter as % of Maxm 34.1 36.2 39.1 41.2 35.2 NE 30% 
energy input 
Minm 30.2 31.6 34.2 38.9 32.3 NE 


nn 


*NE—NOT EXISTING 
Source : Annexes 


Comparison amongst the Indian units (Ref. Table 
2, abuve) shows that TISCO plant is more efficient 
than others consuming 0.720 G. Callt(Max) of pro- 
duct output of this process centre. Comparison of 
most efficient Indian Unit (TISCO) with British Steel 
Corporation (BSC) shows that Indian consumption 1s 
23 to 30 per cent higher than British Steel Corpora- 
tion. The reasons of variations of energy consump- 
tion in any unit for the period 1982-83 to 1986-87 
an dalso amongst the units are mainly due to the fol- 
lowing factors : 


(1) The degree of controls exercised on quality 
of both Input raw materials and energy 
either by means of operational skills or with 


——— 





control-instrumentations. In totality it is the 
housekeeping efficiency of the plants. 


2) Capacity utilisation in terms of continuous 
operation hours under stable operating con- 
ditions against the available hours, Inter- 


mittent working increases specific energy 
consumption. 7 


The improvement in energy consumption is possi- 
ble mainly through the following means :— 


(1) Recovery of waste-heat which is otherwise 
being lost by the introduction of proper 
heat transfer equipment, for waste-heat rc- 
covery. 


 stac 


ignition fumace with heattreament suction hood. enlarged. 





heated 
frat ove Stion. al 
Cole breeze 
(30%) 
Jatt fan ae 1 | ramets ar | heat exchanger 
—_— i. lee 
: precipriator 
totary cooler 


smiter (2%) 


Fig. (1) Sintering plant-possible energy -saving measures 
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(2) Introduction of more energy efficient capi- 
tal equipment which justifies the gain in 
enefgy savings against expenditure on capi- 
tal investments. 


The possible schemes of such investments under 
ne context as could be identified are given be- 
ow i— 


(1) Waste heat recovery from sinter cooler and 
its recyling. 

(2) The use of deeper beds|enlargements of Ig- 
nition hood. 


(3) Autumatic combustion contro! of ignition of 
fuels at the furnace. 


(4) Optimum particle size distribution control of 
iron ore and coke breeze. 


(5) Sinter mix pre-heating arrangement by waste- 





(6) Improved cold sinter screening. 
(7) Increased efficiency of blower fans. 


A schematic view showing possibilities of energy 
saving in sintering plant is presented in Fig. 1. A de- 
tailed cost-benefit analysis are however, necessary be- 
fore a corporate strategy can be made for its invest- 
ment planning options for energy-saving proiects. 
This is taken up in Chapter-5. 


It may however be mentioned here that in the 
context of deteriorating Iron ore and coke quality the 
development of more efficient sintering technology 
and its higher usages at blast furnace will positively 
improve productivity ana energy cnsumption. 

Blast Furnace 

4. Blast furnace is the most energy intensive pro- 

cess centre among the process centres of the integra- 


ted steel plants. The energy efficiency of this process 
centre of Indian plants vis-a-vis more efficient plants 

















heat. abroad may be observed from Table 3. 
y 
TABLE-3 
(Like wise Comparison of Balanced Energy Flow Consumption Per Tonne of Hot Metal) 
A Blast Furnace During the Perid 1982-83 to 1986-87 
Unit—G.Cal/t 
SI. Items Year 010 022 021 024 023 024 «BSC. 
No. ; 1986 Data 
(0) (1) (2) (3) (4) (5) (6) (1%) (8) (9) 
1. Hot M etal’s Net stage energy G.Cal/ 1982-83 4 324 4 485 5 805 4 878 74 4 4.7 
tp at Blast Furnace 1983-84 (4,22 4.577 5 686 5 052 7 54 4 135 
1984-85 4.179 4.319 5 742 5.178 7 713 6 11 3.35 
(x) 1985-86) 4.139 3945 5.892 4.711 € 147 4 791 
1986-87 3.977 4.06 5.39 4 592 6.101 4.62 
2. (a) Sinter Stage (a) 1982-83 0.72 0.85% 0.4 0.28 0.6 
Energy/tp (a) (b) 0.737. «1.087 1.067 0.711 0.57 
‘ (a) 1983-84 0.691 0. 881 0.941 0 942 0 858 Sinter 
(b) 0. 742 1.075 1.05 0.818 0.407 Plant 
does not 
(b) Sinter Usage (a) 1984-85 0. 706 0 778 0.958 0 925 0 896 exist (a) 0 553 
T/THM fb) (b) 0.695 1.097 1.024 0 855 0 559 
(a) 1985-86 0. 683 0.739 0.962 0.934 0.89 (b) 1.044 
(b) 0.7 1.05 1.192 0.7 0 475 
(a, 1986-87 0. 678 0.829 0.849 0.915 0 94 
(b) 0.639 1.037 1,058 0.728 0.416 
3. Sivyer Energy/THM 1982-83 0.53 0.93 1.00 0. 66 0 43 
(a+b)= y) 1983-84 0.51 0.95 0.99 0.75 0 35 
1984-85 0.49 0.85 0.98 0.79 0.48 0.577 
1985-86 0.48 0.78 1.07 0.65 0.42 
1986-87 0.43 0.86 0.90 0.67 0.39 
4. (c) Coke Stage Energy/tp — (c) (a) 1982-83 2 2.347 2g274 2.582 2.249 2 408 
(b) 0.816 0.823 0.752 0.89 0.901 1.072 
(a) 1983-84 1.916 2.345 2.31 2.226 2.481 2.545 
(b) 0.782 0.816 0.731 0.855 0.935 1.054 


652. Industry /89-—~12 
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O <= A yes : 





Q 3) 
(d) Cok: Usag> 4Rate T/THM (a) 1984-85 2.009 
T/THM (b) 0. 781 
(2) 1985-86 2.162 
(b) 0.793 
(a) 1986-87 2.101 
(b) 0.757 
5. Coke Energy/THM (c+¢)=(z) 1982-83 1.62 
1983-84 1.50 
1984-85 1.57 
1985-86 1.71 
1986-87 1.59 
6. Total Energy (x-}+y-++-z) 1982-83 6.49 
1983-84 6.23 
1984-85 6,24 
1985-86 6.33 


Comparisons amongst the Indian units (Ref. Table 
3 above) show that TISCO plant is the most efficient 
compared to other Indian plants consuming 6.00 G. 
Cal (Min) per tonne of product output of this process 
centre. A comparisons with British Steel Corporation 
(DSC) shows that even the most efficient Indian 
unit’s consumption of energy is 27 per cent higher 
than British Steel Corporation, The reasons for varia- 
tions ‘of energy consumption in any individual unit 
for the period 1982-83 to 1986-87 and also amongst 
the units are due to the following factors:— 


Improper house-keeping 


(1) The operational inefficiencies are higher los- 
ses of blast furnace gas produced, stove air 
and gas leakages and higher blowing -of 
steam etc. The improvement in the opera- 
tional skill and degree of instrumentation 
could improve the energy efficiencies. 


Capacity utilisation in terms of continuous 
operation hours under stable operatin con- 
ditions against the available hours. Unst- 
able working increases specific energy con- 
sumption. 


(2) 


The improvement in energy consumption is possi- 
ble through the following measures :— 


{1) Recovery of all waste heats which are other- 
wise being lost by introduction of proper 
heat transfer equipment. 


(2) Introduction of more energy efficient capi- 
tal equipment which justify the gain in 
energy saving against expenditure on invest- 
ments. 


The possible schemes of such investments under 
Indian context as could be identified are enumerated 
below :— 

A. Waste Heat Recovery 


(1) Recovery of losses of blast furnace gas bled 
during changing operation. 


(A) (5) (6) (7) (8) (9) 
2.304 2.311 1. 644 2. 664 2 321 (a) 1.549 
0 787 0 709 0.853 0. 883 1.188 
2.292 2.52 1.661 2.885 2.183 (b) 0.555 
0.723 0. 728 0.8It 0. 869 1.056 
2.336 2 163 3.505 1.406 2.352 
0.709 0. 706 0.792 0. 899 1.015 
1.93 1.71 2.30 2.03 2.58 
1.91 1.69 1.90 2.32 2 68 
1.81 1.64 1.40 2.35 2 76 0.806 
1.66 1.64 1.35 2.51 2 31 
1.66 1.53 2.78 1,26 2.29 
7.34 8.52 7.64 9.86 7.01 
7.44°- 8.36 7.70 10.25 7.62 
6.99 8.36 7.37 10 75 8. 87 4.733 
6 38 8.60 6.71 9,08 7.10 





(2) Hot stove waste heat recovery system. 
(3) Top pressure recovery turbine. 


B. Energy Efficient Equipment 


(1) Proper instramentation for burden distribu- 
tion control. 


(2) Proper instrsmentation for furnace condi- 


tion control, 
(3) Proper insulation of blast mines. 


(4) Proper instrumentation to control heating 
Pattern on hot stove. 


A schematic view of the possible energy savings 
in this important process centre can be scen in Fig. 
(2) at page 100. A detailed cost analysis is, however, 
necessary bzfure a corporate strategy can be made. 
for its investment planning options for energy saving 
projects, This is teing deali in details in Chapter 5. 
It may however be stressed here ihat the following 
factors are of paramount importance for the improve- 
ment of productivity and energy consumpticns :— 


(a) The biast furnace burden should contein 
mininwuin 70 per cent sinter. Use of 10 per 
cent pellets from Kudrukuk should also be 
explored. 


(b) Hot blast temperature in blast furnace should 
go up wo 1109 degree C. 


(c) Fuel injection possibilities should be 
examined thoroughly and resorted to at the 
earliest.* Availatility of natural gas should 
be =xaminzd with all seriousness since it 
will effect the productivity of blast furnace 
with greater ease than the use of non-cok- 
ing coal as injection medium. 





* China has introduccd coal dust injections to 
Blast Furnaces with good success of reducing coke 
tate, Details erc available with Mls. MECON] 
Ranchi. 
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| Surge gas recovery top gas pressure recovery turbine 
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hot wasteair = heart exchanger rotary sinter cookr 


Fig. (2) Blast furnace - possible energy-saving measures 
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Steel Melting (Open Hearth Furnace and LD conver- for converting iron into steel. The energy efficiency 
ters). of steel melting shop process centres (both Open 
: Hearth and J.D converters) of Indian plants vis-a- 
5. Hot metal obtained from blast furnace is charg- vis more, efficiett plants abroad may be observed 
ed to either open hearth farnace or LE converters from Table -(a), (b) & Table 5. 
TABLE 4(a) 


Unit wise Comparison of Balanced Flow Energy Consuntption per Tonne of Crude Steel Cast (Ingot) 
through Open Hearth Furnaces Route 


Unit — G. Cal/tcs 























s. Items Year 010 022 024 023 025 
No. 
1. Balanccc Flow Encrgy/t of Hot Mctal (x) 1982-83 6.49 7.34 7.84 9.86 7.01 
1983-84 6.23 7.44 7.10 10.25 7.62 
1984-85 6.24 6.99 7.37 10.75 8.37 
1985-86 6 33 6.38 6.71 9.08 7.10 
1986-87 6.00 6.58 3.08 1.16 6.91 
2, Hot M-talto Crude StcelratioagtOHF. . —.-—«1982-83 0.602 0.83 0.559 0.846 0.99 
(a) ‘1983-84 0.627 0.803 0.619 0. 834 1.002 
1984-85 0.614 0.837 0.595 0.872 1.003 
1985-86 0 606 0.85 0.565 0.875 0.978 
1986-87 0.618 0.88 0.572 0.863 1.034 
3. Sieg En reyat CHE/‘cs (b) 1982-83 1 043 1.072 1.634 2.192 1.898 
~~ 4983-84. O31.—SC«W:« 2633 1.649 2.136 2.138 
1984-85 iy ns CC Oy ee 
1985-86 1.077 1.159 1.499 2.136 1.862 
1986-87 1.098 1.284 1,507 1.884 1.875 
4. Total Evergy/ics throveh Opcn Hearth Furneccs 1982-83 4.95 7.16 6.02 10.53 8.84 
rou Fumecs route y=x a+b 1983-84 494 7.14 6.42 10.68 9.77 
1984-85 4. 86 7.03 5.95 11.48 11.19 
1985-86 4.91 6.58 5.29 10.08 8.81 
1986-87 4.81 7.07 





6.10 8.58 9.0 





** Nsom rison with British St221 could bs made as there is no Open H.:arth Furnace at British Stcel. 


TABLE 4(b) 
Unitwise Comparison of Balanced Flow Energy Consumption Per Tonne of Crude Steel Cast (Ingot) through LD Converter Route 





Unit-G. Cal/tes 



































S. Stems : Year 010 022 021 0244~—s«&®™S.C,, 
No. 1956 Data 
pa ee ee ap. aot 5 Te. “7 8 
i. Balanced Flow Energy/t of Hot Metal (x) 1982-83 6.49 —s«6.34 8.52 7.84 
1983-84 6.23 7.44 8.36 7.70 
1984-85 6.24 6.99 8.36 F.3at. 4.933 
1985-86 6.33 6.38 8.6 6.71 
1986-87 6.00 6.58 7.82 8.03 
2. Hot Metal to Crude Steet ratio at LD Convertzr 1982-83 2s = 0.918 1.038 
1983-84 0.986 ae 0.941 1.028 
1984-85 1.035 = 0.937 1.017 0.892 
1985-86 1.0835 0.936 0.935 1.019 


1986-87 1.006 0. 982 0.955 1.051 


ne 


Pp 2 A a cs 








1 2 3 





3. Stage Encrgyat LD Coaverier/tcs 
198?-83 
(b) 1983-84 
1984-85 
1985-86 
1985-86 


1982-83 
1983-84 
1984-85 
1985-86 

1986-87 


4. Tota] Enorgy/tes through LD Converter route 
y—x- a—b 





4 5 6 7 8 
0.392 0.264 
0.4097 0.517 0.269 

0.5461 = 0.524 0.262 0.32 
0.5091 0.394 0.542 0.86 
0.2972 0.377 0.498 0.293 
0.00 0.00 8.21 8.40 
6.55 0.00 9.38 8.18 

7.00 0.00, 8.26 7.76 4.54 
7.06 6.37 | 8.55 7.10 


6.43 6. 84 7.97 8.73 





There does not exist any LD Converter at 023 and 025 


TABLE-5 


Balanced flow energy consumption of Nippon Steel Cor poration 
: (Japan) in 1982 


Unit--GCal/T of 














crude Steel 
sl. _ tren . Blast furnace- Blast furnace- 
No cum-open . cum-Basic- 
hearthfurnace oxygen furnace 
oat ares ie eae, 2 3 
1. Iron-Making : 
(a) Coke ovens («0.4 0.4 
(b) Sinter and Pellet plant 0.7 0.7 
Q) 
(c) Blast furnace 3.0 dee ee Wy 
Sub-Total (a--b->¢) 4.1 : Ae fe 
2. Steel Making 
Steel-making (including 
primary rolling and 
continucus casting to ? 
slabs, blooms or billets) 1.1 0.2 - 
(Total (1-42) 5.2 ; 4.5 
3. Down Stream products 
Rolling of slabs, blooms 
and billets to end 
products 1.0 1.0 a 
4. Energy utility services 


Power plants 0.5 0.5 


Source --World Bank (Energy efficiency in the stcel industry 
with cmphasis on developing countries/World Bank) 
Technical Paper No. 22. 

Unitwise and yearwise data for balanced flow 
energy consumpticn details are shown in Annex-3/7. 


Comparisons amongst the Indian units (Reference 
Table 4 and 5) producing crude steel through open 
hearth furnace as well as LD converter show wide 
variation of energy consumptions during the period 
1982/83 to 1986/87. The very fact of wide variation 
in an individual unit and also amongst the units 
shows that by proper operational optimisation the 


units may achieve energy consumption figure quite 
comparable with that of units abroad. For example, 
the stage-wise energy consumpticn at LD shops of 
Indian units is quite comparable to that of British 
Steel Corporation (Serial No. 3, Table 4). The Indian 
units, however, suffer energy disadvantages because 
of the open hearth furnaces still operative in Indian 
plants where stage-wise energy consumption varies 
from 2.298 GCal per tonne to 1.031 GCal per tonne 
amongst the Indian units. Regarding the energy con- 
sumption of hot metal at blast furnace the consump- 
tion amongst the Indian units varies quite substantial- 
ly between maximum and minimum. The minimum 
achieved by Bhilai and Rourkela is 5.5 GCal to 5.86 © 
GCal against the comparable figure of 4.733 GCal of 
British Steel Corporation. This leads to one of the 
most critical observation that the Indian units can 
operate at a level near the British Steel Corporation 
provided operational optimisation is achieved by the 
Management of Indian units. A glaring example in 
this respect is TISCO, The operational optimisation 
includes quality control of raw materials, higher capa- 
city utilisation and proper maintenances. If these fac- 
tors are improved in Indian plants, the energy con- 
sumption will come very near to that of abroad. It 
may also be stressed here that merely capital invest- 
ment does not guarantee improvements in specific en- 
ergy consumption. It is the operational optimisation 
which is the necessity of the Indian plants, This as- 
pect is dealt with in detail in the final chapter 6 for 
policies and programmes of energy conservation. The 
reasons for the variations of energy consumptions in 
any individual unit for the period 1982-83 to 1986-87 
and also amongst the units are mainly due to the 
following factors : 


Improper House Keeping 


1. Operational inefficiencies were found to be 
of higher heat losses due to operational 
delays in charging hot metal io steel fur- 
naces. It is also due to poor maintenance 
and improper operations leading to lower 
combustion efficiency of external fuel used. 


2. Capacity utilisation in terms of continuous 
operating hours under stable operating con- 
dition against the available hours, Unstable 
working increases specific energy consump- 
tion and also the cycle time of production. 
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Apart from _cotrecting the above inefficiencies of 
operating practices, improvements in specific energy 
consumption is possible through the following means : 


1. Improvement of combustion — efficiency of 
fuel used by incorporating automatic com- 
bustion control equipment for greater avail- 
ability of useful energy (OHF) from exter- 
nal fuels used and also by improving heat 
insulation of the furnace to reduce heat 
losses. 


2. Improvement in operating practices of oxy- 
gen lancing (OHF and LD). 


3. Reduction in the usages of atomising steam 
(OHF). 


4. Increased usages of steel scrap|sponge iron 
(OHF and LD). 


Collection and utilisation of LD gas (LD). 


Automatic ignition 
wherever used. 


controls of LD gas 


7. Programme control of ladle pre-heating. 


Restriction of silica per cent in hot metal 
to 1 per cent only. 


A detailed cost benefit analysis is, however, néces- 
sary before a corporate strategy can be made for its 
investment planning options for energy saving pro- 
jects. This is being dealt in detail in Chapter 5. It 


TABLE 6 


may however be mentioned here that the foliowing 
measures upgrading technology are of great impor- 
tance for improvement of productivity and specific 
energy consumption simultaneously : 


1, (a) Introduction of Korf-technology for 
improvement of thermal efficiency of open 
hearth furnaces. 

(b) Replacement of open furnaces by basic 
oxygen furnaces (LD converter) during 
modermisation process. 


2. Introduction of combined blowing in LD 
converter for better quality of steel. 


3. Introduction of suppressed gas recovery sys- 
tem for existing LD converters. The use of 
LD gas for heating purpose increases energy 
efficiency of the total system of the steel 
plant. 


Primary Rolling (Billets, Blooms or Slabs) 


6. The cast steel ingots are heated up at the soak- 
ing pit for primary rolling into semis, International! 
comparisons are very often made on the basis of 
semis since many of the plants abroad have continuous 
casting process which does not produce ingots and 
directly obtain semis from liquid steel. The balanced 
flow energy efficiency of this process centre producing 
semis of Indian plants vis-a-vis more efficient plants 
abroad may be observed from Table 6 and Table 7. 


Plantwis2 comparison of variations of Balanced flow energy per tonne of semis in India & abroad 





Unit G. Cal/t of Semis 

















S. Item Year 0010 022 021 024 023 025 
No. 2 
ee Sens Fas Cotte e s eh ee ed a cy teat anl sive rages ae ee =<. Aap ye ete ee rake oS (eee ae S 
{ 2 3 4 5 6 7 8 9 
“ols Stage Energy (GCal/tp) of . 82/83 (a) 0.331 0.498 0.670 0.932 
(b) 0.445 0.558 0,652 0.996 
(c) 0.331 0.485 0.458 0.996 
(a) Bloom 
(b) Billet © 83/84 (a) 0.354 0.500 0.645 0.877 
(b) 0.463 0.561 0.730 0.947 
(c) 0.354 0.524 0.433 7 0.947 
(c) Slab . 84/85 (a) 0.338 0.542 0.599 0.953 
(b) 0.457 0.604 0.690 1.018 
(c) 0.354 0.509 0.416 1.018 0.536 
85/86 (a) 0.341 0.555 0.593 0.962 
(b) 0.459 0.617 0.668 1.027 
(c) 0.341 *0.554 0.412 1.027 
86/87 (a) 0.333 0.644 0.579 0.909 
(b) 0.438 0.717 0.652 0.973 
(c) 0.333 *0.656 0. 408 0.973 
2. Balanced Flow Energy GCal/T for 82/83 (a) 5.766 8.675 0.000 0.000 12.542 10.762 
: (b) 6.078 8.778 0.000 0.000 13.098 11.283 
6.291 0.000 10.271 0.000 


(c) 


9,907 11.445 











@) 3 Bloom 
(b) Billet 


(c) Slab . 











83/84 (a) 6.173 


8 /85 


85/86 


86/87 


(b) 
(c) 
(a) 
(b) 
(c) 


(a) 
(b) 
(c) 
(a) 
(b) 
(c) 


5.382 
6.619 


6.365 
6.538 
6.338 


6.350 
6.647 
6.813 


6.134 
6.434 
6.677 


8.618 
8.729 
0.000 


8.521 
3.569 
0.000 


8.121 
0.098 
7.756 


8.761. 
8.743 
8.230 





0.000 
0.000 
10.786 


0.000 
0.000 
9.198 


0.000 
0.000 
0*413 


0.000 
0.000 
10.200 


12.478 
12.119 
0.000 


13.261 
13.869 
0.000 


11.862 
12.411 
0.000 


10.180 
10.679 
0.000 


11.663 
12.202 
12.632 


13.307 
13.976 
14.256 


4.872 
G.Cal 


of Semis 


10.644 
11.282 
11.383 


10.367 
11.048 
11.608 





*Slabs at 022 are made through Continuous Casting Machines: 
Details regarding balance flow calculations are given in Annex 3/7. 


TABLE 7 
Comparison of energy efficiency of Indian plants vis-a-vis other countries in respect of Somis (billets, blooms, or slabs) 
Unit--G.cal/t Semis 

















Country Energy Coke Rate Share of Con-cast_ 
consumption Kg/t of OHF ratio as% 
in Geal/of Pig-Iron Steel- of total 
(billets, (1985) making crude steel 
blooms 
or slabs) 
(1) (2) (3) (4) (5) 
Developed Countries : 
(a) Italy 4.2 463 2 50 
(b) Spain 4.4 530 5 36 
(c). Japan 4.5 084 Nil 57 
(d) Germany (FRG) _ 5.2 531 7 46 
(e) U.K.. 5.6 557 Nil 7 
(£) France 5.7 509 1 4l 
(g) USA 6.2 528 12 20 
Developing Countries 
(a) China 7.1 585 32 7 
(b) Brazil 5.7 480 7 33 
(c) Yugoslavia : 7.5 706 40 37 
(d) India : (1982/83 to ence 
Min. Max. 
(i) TISCO 7.74 13.3 816 71 NA 
(ii) Bhilai . 5.75 11.2 823 68 NA 
(iii) Bokaro 8.67 9.8 752 Nil NA 
(iv) Rourkela 8.77 12.5 890 13 NA 
(v) Durgapur 7.56 13.4 735 100 NA 
(vi) TISCO 1.22 13.7 1188 100 NA 
SOURCE: World Bank data. International Tron and Steel Institute; UN. Fcononité Commission and BICP. — - 





Comparisons amongst the Indian units (Ref. Table 
6) show that Bokaro plant is the most efficient com- 
pared to other plants consuming 9.81 G. Cal (Max) 
per tonne of semis by primary rolling of cast ingots. 
Again comparisons of the most efficient units with 
British Steel Corporation show that even the most 
efficient Indian unit’s consumption of energy is 101 
Laas cent higher than British Steel Corooration. Table 

7 shows the world-Scenario with comparisons of 
Indian steel plants. The variations of energy consump- 
tion in any individual units during the petind 1982- 
83 to 1986-87 and also among the Indian units 
(Table 6) are mainly duc to the following factors : 


Improper Housekeeping 


(1) Operation inefficiencies were found to exist 
in respect of controlling the combustion at 
the furnace which is used for heating the 
ingots to rollable temperature. Jt is also ob- 
served that there is poor maintenance and 
improper insulation of the furnace leading 
to Jower combustion efficiency of the fuel 
used. 


Capacity utilisation in terms of continuous 
operating hours under stable operating 
conditions against the available hours was 
not fully ensured. Intermittent working dué 
to various factors increases the specific 
energy consumption. 


The above needs correction. Apart from the above 
inefficiencies of operating practices, improvement: in 
specific energy consumption is possible through the 
following measures. 

(1) Improvement of combustion efficiency of 
fuel used by incorporating automatic com- 
bustion control equipment. 


(2) Recovery of the waste heat of the cxhaust 
gas available at a temverature of 500-600°C 
which may be utilised for air re-heating. 

(3) Computer scheduling for loading the rolling 
mills with ingots at correct rolling tempe- 
rature. 

(4) Instrumentation for optimising heat pattern 
inside the furnace. 


(5) Extension of the furnace length. 


(6) Improved insulation of furnace wall 
roof. 


(7) Use higher speed rolling. 
(8) Steam recovery by evaporative cooling of 
skid. 


A schematic view showing the possible improve- 
ments in preheating furnace before rolling is present 
in Fig. 3 at Page. The above suggested measures, how- 
ever. need detailed analysis so as to ensure a proper 
cost-benefit for the adoption of a scheme under 
Indian context. This is being dealt in detail in Chap- 
ter 5. It may however be mentioned here that the 
following factors have profound influences on produc- 
tivity and energy consumption. 


(a) Continuous casting of liquid steel, obtained 
either from open hearth furnace as from 


(2) 


and 
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LD converter, into blooms, billets or slabs 
increase substantially in Indian plants. 


(b) Improved thermal efficiency for reheating 
furnaces should be achieved by the intro- 
duction of miss-process or controls of com- 
bustion of fuels and other parameters. 


Downstream Products after S2mis-stage ° 


7. In Annex 3|5 (A-F) the various existing process 
centres of different steel plants with their specific 
energy consumption pattern at each process-centre have 
been presented. After the semis stage (billets, blooms 
or slabs), different plants process them to different 
end products. Even for a similar product, such as, 
heavy and light structurals, rods, the final dimensions 
and specifications are not the same, Downstream pro- 
ducts are, therefore, not truly comparable amongst 
plants and also with other efficient units producing 
similar products elsewhere in the world. A general 
observation. however, can be in respect of energy 
efficiency of individual plant. They are as fallows : 


(1) In the case of hot rolling of heavy structu- 
rals and also of light structurals, majority 
of the energy usages are in the form of 
heating of the billets, blocms or slabs, The 
efficiency of energy consumption will, there- 
fore, depend upon the combustion efficiency 
of the fuel, air input insulation of the fur- 
maces, track time and operational skill of 
control of equipment. 


(2) In the practice of hot collings. the electrical 
motors are required to work at variable 
speed and torque. For reduced specific ener- 
gy consumotion the entire seauences of roll- 
ing should be programmed hy a micro-pro- 
cessor control. Higher speed of rolling also 
ensures lesser consumption of electrical 
energy. The discharged temperature of bil- 
lets, blooms or slabs from the heating fur- 
naces and the electrical power consumption 
at the rolling mills Annexure 2/1A to 2/1F 
show the various downstream furnished 
saleable products manufactured bv the in- 
tegrated steel plants during 1982-83 to 
1986-87 period and also the Semis produced 
during the same period which were not pro- 
cessed further and could be sold. 


B, Energy Utility Services 


In Chapter 3, (Tables 13 to 17) data in respect of 
generation (b) consumption and (c) Losses of the 
following secondary sources of 2nerey has been pre- 
sented : 


1. Coke oven gas 


2. Blast furnace gas 

3. Steam 

4. Captive power generation by using steam 
5. Oxygen 


« 
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As generation of these secondary sources of energy 
are always associated with losses and as their consump- 
tion in various process centres needs to be efficient, 
it is held necessary to observe the actual performance 
parameters of Indian units and compare the same 
with other efficient plants abroad. It appears, how- 
ever, that there is no fixed norms for the (a) genera- 
tion (b) consumption and (c) losses of the above 


secondary sources of energy at the world scenario. 
Integrated steel plants all over the world have taken 
various steps to improve upon the energy efficiencies 
of these secondary sources of energy, These improve- 
ments are, however, country specific. Nevertheless, 
a comparison is made here with targets of SAIL with 
other efficient units abroad. This is presented in 
Table 8. 


TABLE 8 


Comparison of efficiencies of energy utility services in Indiaa steel plants vis-a-vis other efficient plants abroad during 1986-87. 








Items of Energy Utility Services 0010 





Sl. 
No. 
(0) (1) Q 





1. Coke Oven Gas 


(a) Actual coke oven gas yield/T of dry charge. 277 
(b) Coke oven gas;T of dry charge in 1994/95 as 
projected by SAJL. : : : : NA 
2. BF.Gas 
(a Actual BF gas yield in NM?/THM 1914 
(b) Projected BF Gas yield in NM3?/THM in 1994/ 
95 by SAIL : : . : é : N 
3. Oxygen 
(a) Electrical power consumption in KWH/NMS of 
; 0.58 


gas produced 


(b) Thermal energy NM? of gas produced /Kcal/NM#) 2825 
(2550) 


4. Steam andE lectric Power 
(a) Boiler efficiency in steam generation. . 


(b) Overall thermal efficiency of power generation 
at generation point. 


60 -87 


12 -33 


025 =~ Plant 








022 021 024 023 

abroad 
(3) (4) (5) (6) (7) (8) 
276 288 271 255 261 NA 
290 288 275 275 274 INA 
2141 2251 1975 2802 2819 NA 
1950 1950 2049 2100 2250 NA 

1.05 0 210 1.13 0.73 NE 
2673 529 2849 2345 NE 1600 
(2500) (2500) (2500) (2500) {tS[-Plant 
81.2 $2.35 81.83 78.1 NA 85% 
26.6 22.13 22.17 22.6 NA 34% 








NE —- Not Existing 
NA — Data not Available. 


#2500 KCal/M? is taken as standard. 
{Data unreliable. 


The comparisons of actual performances of Indian 
plants with other plants abroad show that improve- 


tion (c) losses reduction of these secondary sources 
of energy are possible by various ways and means as 





ments in efficiencies of (a) generation (b) consump- 





identified in Table-9. 
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TABLE 9 
SI. Items of Improvement of efficiencies in Losses 
No. secondary Se Pee hee tek Gros dteet: oO ads eas as eat Ais Sees hase re 
sources of Generation Consumption 
Energy 
1. C.C. Gas (1) Optimisation of coal blend. (1) Atomic [gnition controls where Reduction of fosses by proper 
the gas is used. sealing of pipelines. 
(2) Oil addition to coal. 
(3) Improved crushing of coking coal. 
(4) Stamp-charging of coal. 
2. B.F. Gas (1) Process optimisation by the intro- (1) Automatic ignition controls wher- 
: duction. ever the gas is uscd. 
3. Oxygen , (1) Process optimisation by micro- (1) Computer ccntrcls fer oxygen 
. processor controls. lancing 
4. Steam (1) Introduction of Fluidised bed (1) Introduction of sophisticated in- - «to— 
boilers with higher boiler struments controls inflow of steam 
efficiency. to process. 
5. Turbe-generators Introductio of efficient Turbine and Introduction of efficient D.C. con- Reduction of transmission losses ; 
; generators with high efficiency. trols for motors with variable of electrical power to the 
speed. consuming electrical motors. 
9. The detailed schemes ot energy saving projects, sis of these Schemes aim at least cost investment op- 
suitable for Indian plants for eack of the important timisation for maximum benefits of energy conserva- 


process centre described in the preceeding paragraphs 


are being dealt with in Chapter 5. Cost-benefit analy- tion. 


CHAPTER 5 


Plant-wise and Process Centre-wise possibilities 
Energy Conservation 


of 


1. Conservation of energy for a given plant ana a 
given process centre with its adopted technology lies 
in reducing the avoidable losses of energy. The losses 
of energy originate from where initially primary 
source of energy is converted to usable form of cn- 
ergy (such as energy of coal at boilers goes to steam 
with certain losses) and also at different consuming 
process centres where usable form of energy is con- 
sumed. The main objective of energy conservation. 
therefore, is to reduce all avoidable losses of energy 
at all stages of its use. Integrated steel plants convert 
a substantial amount of primary source of energy to 
usable form and use them in various process centres. 
The main types of energy uses are (a) thermal and 
(b) clectrical. Integrated steel plant in additicn to 
obtaining its electrical power supply from grid as 
primary source also generates clectrical power cap- 
tively and use it for its various process centres. The 


thermal energy inputs to the integrated steel plants 
are mainly from coking and non-coking coal and hy- 
drocarbons. Coking coal again produces coke even 
gas and at blast furnace, blast furnace gas is gene- 
rated and at LD converter LD gas is generted which 
again forms a secondary source of energy. An inte- 
grated steel plant, therefore, needs carcful energy. 
balance. 


2. The possibilities of energy conservation at each 
process centre in a given integrated steel plant need 
to be transformed into well-defined schem:s!projects. — 
Those projects can be classified into short-term low 
investment (Category A), medium term medium 
investment (Category B) and long-term high invest- 
ment (Category C) depending on investment and 
gestation period. The success of well-defined schemes! 
projects will depend to a great extent upon the co- 
ordinated efforts of different agencies to achieve sy- 
nergy. This concept of coordinated effort to achieve 
synergy has been structured as below : 


TABLE 1 


SI. Classified possibilities of Energy 
No. conservation 





1. Optimisation of operations by 


(a) Higher capacity utilisation 
«b) Improvement of quality raw miterials 


(c) Proper instrumentation of each pro- 
cess centre 


2. Retrofit Technology/equipment improve- ---do-. 


ments 


3. Upgradaticn of Technology of manufac- 1. 
ture (for SE & grass-root plants) through 
modernisation. 


4. Improvement of quality & quantity suo- 
ply of coal and electrical power supply 
from state grids. 

(c) CIL 


(d) Plant Managements cf ths Industry 


Coordinated Action by various Agencies 


(2) gerne, 


Plant Management of the Industry 


Plant Management 
2. Planning Commission 
3. Financial Institutes. 


A. THERMAL ENERGY 
Cal : (a) D2ptt. of Coal (Govt. of In fia) 
(b) Coal Linkage Committee 


B. Electrical Power 


(a) State Elect. Board. 
(b) Plant Management 
(c) Govt. Policy for captive gencration. 





The entire energy conservation measures either al- 
ready undertaken by the units or being proposed to 
be undertaken by the units would be examined under 
the above four categories as identified in Table 1 
above. 
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Remarks 


G3) 





This can be achieved by mirginal and 
short term investments (investment limit 
upto Rs. {0 lakhs). 


This needs medium term medium invest- 
ment (investment limit 19 to 50 lakhs 
rupecs). 


This needs long-term high investment 
(investment limit above Rs. 50 lakhs). 


Coal and Electricity 

Periodical review of performinccs should 
be dons by 

(a) CIL in respect of c>king coal’s quality 
supplied to stzel plants. 

(b) Plant Management, and 

(c) SEB and Report submittcd to Govt. 
for corrective actions as and where 
called for. 


Operational Optimisation 


3. Energy consumption in a given sub-system for 
a given time (e.g, a process centres such as __ blast 
furnace) can be represented as follows : 
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Total chergy input from all energy bearing natcrials = Total energy doing useful work on pinput materials which manifest as output 


-+ total losses of encrgy - total by-product’s cnrgy........ +. .. Eng-(1) 
If specific encrry input is considered Eqn(1) may be rewritten as 
You Xp eg XB er (Eqn 2) 
Total energy input from all encrgy bearing miterials 
Where Y= -- 2 6 0 6 ee ee eee cs Ce See hat lees ae 28 
Total Output 
Total energy consumed at the process 
x = bard. Gch Sed: coe SE ees eis ete teen Fetr ad LS 
Total Output 
Total losses cf energy (avoidable and unavoidabic) 
xX, = ee ho aes eo Sa 4 4 ete ema rer es 2s . 
Total Output 
By product's available energy for reuse 
Xe 6 ee ere be ee ee 


Total Output 
Net specific energy consumption of the 
(Y. 


X3) = X&y — Xg 


Optimisation calls for minimum valuc of x, and 
x, and max value for xs. While detailed — investi- 
gations of co-relationship of x: and x; with ope- 
rational factors may be undertaken by a model 
to see the influences of various factors, at 
Present it is proposed to limit them to a single fac- 
tor of capacity utilisation(%) which encompasses 


sub-system therefore boils down to 
3) 


the influcnces of many relevant operational factors 
and productivity. Specific energy ccnsumption, in 
a given sub-system, therefore, is held to bear a 
strong co-relationship with the capacity utilisation 
of the same sub-system, This capacity utilisation 
(%.) is, however, defined as follows : 


Production actus lly achiev.d in-a year (T/A) 


Cp 'city utilisation (%) = —-- --~------------ 


Normative based capacity (NBC) n T/A 


Agiin NBC= f (Normitive mat rial productivity, normative labour productivity, Normative M/c. Proc uctivity. Noumé tive mchod 


(Fechrology) Product vity 


Any change in the factors of the right hand side 
of the same sub-system. This capacity utilisation 
(NBC) and hence the capacity utilisation (%). 
Since analysis is being made for the veriation © of 
capacity utilisation (%) with normative base capa- 
city (NBC) which is the same as DPR capacity 
and is being compared with tne variation of spe- 
cific energy consumption, the validity of the rela- 
tionship of specific energy consumption vis-a-vis 
DPR based capacity utilisation (%) will hold good 
for a long time span of one year being considered 
in which other factors influences are assumed to 
be constant. 


Specific Energy Consumption vis-a-vis 
Utilisation at Blast Furnace and Steel 
Shops 


Capacity 
Melting 


4. Because of the ‘Fixed’ elements of energy re- 
quirements in the operations, it is expected that 
energy consumption per tonne of output will be 
negatively correlated with capacity utilisation i.e. 
as capacity utilisation increases, energy consump- 
tion per tonne of output would decrease. An exa- 
mination of the annual data of average energy con- 
sumption and capacity utilisation at the plant level 
in India for the recent years hears this out. except- 
ing in the case of one steel plant. The effect of 
increased capacity utilisation, on energy consump- 


cece eevee cof whe Me GRP beye cee eee ee (Eqn. 4) 


tion can be measured by fitting a regression equa- 
tion to the available data with energy consumption 
per tonne of output as the dependent variable and per- 
cent capacity utilisation as the independent vari- 
able. Ideally such a functional relationship is to 
be studied for each plant, but the availability of 
the plant-wise data on an annual basis for only 
five years severely limits the validity of such an 
estimation. This problem can be overcome if data 
for a narrower time interval, like a quarter of a 
year, are available. In the absence of such quar- 
terly data, the attempt had to be confined to pool- 
ing the data for different plants (excepting the one 
which did not reveal the pattern). It is to be noted 
that such an approach ignores the fact that each 
plant has different operational parameters and com- 
bining them may not facilitate a precise analysis. 
The justification for such an approach is, however, 
provided by the fact that, as mentioned earlier, an 


examination of the plant-wise data does show the 
existence of a_ strong negative relationship. An 
attempt was also made to standardise the energy 


consumption by relating the energy consumption 
per tonne of output in a year of a plant to ithe 
minimum energy consumption achieved by that 
plant in any vear. But this presents problems of 
interpretation. The approach adopted, therefore. is 
to attempt a regression equation by pooling the data 
of different plants. 
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4A. The form of regression relationship adopted 
is log linear one. 
Log = a + b Log X 
where E is the energy consumption per tonne 
of output and X is percetnage capacity utilisation. 
By making use of the available data, the following 
equations were obtained : 


At Blast Furnace 


LogE = 2.9690 

(0 052)(0. 1933) 
At Open Hearth Furnace 

Log E = 2.100- -1.049 Tog XK (R? = 

0.3!) (0 52) ( 106)........ (2) 


1.2277 Log x (R? = 0 69) 


in capacity utilisation, energy consumption — per 
tonne of ouput at Blast Furnace cames down by 
1.2277 per cent and at Open Hearth by 1.049 per 
cent. An idea of the savings in energy consumption 
may be obtained by assuming that a 10% increase 
from the highest capacity utilisation already achi- 
eved by each plant is feasible. ‘he energy consump- 


tion for the increased output at current Ievels of 


energy consumption has been estimated for each of 
the plants. To the total of the energy bill thus 
arrived at, the  cclasticity as estimated has been 
applicd to provide an estimate of likely savings. 
Given the limitations of data and methodology, the 
estimate of savings can be taken us indicative of 


' the dimension of possible reduction in energy cost. 


The table 2 giving the details of calculations would 
show ‘that a total saving of Rs. 100.43 crores 


4(B). These equations indicate the elasticity of (Rs. 70.40 crores in Blast Furnace and Rs, 30.03 
encrgy consumption with reference to capacity uti- crorcs in| Open Hearth Furnace) is possible by 
lisation. It shows that for one per cent increases higher capacity utilisation and etter management. 

TABLE 2 
Total enereys Cost at Blast Furnace Vis-a-vis Savings at higher opacity Utilisation. 

So Ikm Year 100220208 023 (025 

No. 
aM @ (3 (4) (5) (6) (7) ® 

1. (a) Net Actual Encrgy Consumption(G. Cal/THM)= 1986-87 4616 4.06 5.39 4.592 6. tol 4.62 

(b) Actual Capecity Uril'sation (%) 1986-87 97 80 61 76 66 63 

2. (a) Installsd Capacity (000 tonnes) 1986-87 2000 2970 2735 1600 1700 1300 

(b) Actual Production of Hot Metal (000 Tonnes) 1986-87 1940 2510 2813 1223 [125 825 

3. (a) Stipulated high>r Capacity Utilisation (%) 1986-87 107 98 93 87 77 80 
(b) Estimated Production at h' ae mee Utili- 

sation in 3a. : . 1986-87 2140 2911 2544 1392 - 1309 1040 

4. Cost of Energy (Rs./G. Cal) 1986-87 100 130 95 105 86 114 
5. Total Encrgy Consumption at Estimated Procuc- 

tion of 3a. (G. Cal) . . 1986-87 9878240 11818660 13712160 6392064 7986209 4804800 

6. Total Cost of Energ in cach unit in (Rs./cr) 1987-87 98.78 153.64 130.27 67.12 68.68 54.77 ° 

7. Total Cost of Energy for th> Industry (Rs./cr) 1986-87 573 .26 

8. p TONET SEVIS & 12.28% 1986-87 70 40 


4 of Total cost of Enstey : 


Total p Baekey Cost at Sed Hearth Furnace (MS) Vis-a-vis = Carine at niehet Capacity Utilisation 


. Yar 
No. 


-@) Net Actual Energy Gonsumpion 6 Cal; Tingon 1986- 87 


es Actual Capacity Utilisatior.(%) 1986-87 
2. (a) Installed Capacity (000(Torr:s) 1986-87 
(b) Actual Product’on of Ingot Stec] (OOO Tonns). . 1986-87 
3, (a) Stipulated high-r Capacity Utilisat‘on (%)_ 1986-87 
(b) Estimated Production at high r Cape city Uti- 
lisation in. 3a. (000 Tonnes) 1986-87 
4. Cost of Energy (Rs./G. Cal) 1986-87 
5, Total Energy Consumption at Estimatcd Produc- 
tion of 3a. (G.Cal) . 1986-87 
6. Total Costof Energy in eich unit in(Rs./er) . )986-87 
97. Toral Cost of Energy for the Industry (Rs./cr) 1986-87 
1986-87 


8. Total Saving of 10 49° of total cost of Energy 


ol0 022 024 023 025 
1.143 1.284 1.507 1.884 ‘1.875 
97 85 63.6 59.5 62 4 
2320 2500 1800 1600 1000 
1375 1526 198 922 528 
107 95 75 69.5 72.4 
2482 2375 1350 1tt2 724 
245 306 243 219 221 
2762466 3049500 2034450 +=. 2095008 +=: 1357500 
67.68 93.31 49.44 45.88 30.00 
286.31 
30.03 


TOTAL SAVING AT BLAST FURNACE AND OPEN HEARTH Rs. 100.43 crores 
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5. Thus Table 2 shows that substantial cnergy 
saving is possible by higher capacity utilisation of 
sub-systems (a) Blast Furnace and (b) Stee) Melting 
Furnaces (OH). The significance of achieving cner- 
gy savings through higher capacity utilisation (%) 
in any sub-system in which heat energy transfer to 
masses occurs and the mass underg»es chemical 
changes could be explained from th: following : 


(1) First Phase 


At Blast furnace when the external input sour- 
ces of energy (coke, steam, ciectricity, hot 
blast) start functioning, it raises the tem- 
perature of the masses (Iron-ore, Coke and 
Limestone) to its reaction temperature 
(1550°C). During this time energy is 
spent without any useful work amd even 
then this energy is necessary before reach- 
ing the stable stage of reaction temperature. 


(2) Second Phase 


As the chemical] reaction starts, the input heat 
energy is required to maintain the tempe- 
rature of reaction (1550°C) by supplement- 
ing energy losses due to conduction. con- 
vection and radiation and also maintaining 
the temperature of the output products—of 
the chemical reactions, namely, hot metal 
and slag. This is a stable stage of opera- 
tion in which losses come to almost a con- 
stant figure depending on the system’s imsu- 
lation properties. 


(3) Third Stage 


This stage is also an integral part of the second 
stage in which by product gases are formed 
out of chemical reactions which again is 
a source Of energy (viz. blast furnace gas) 
for recycling purpose. This is a gain © of 
energy out of the chemical processes  in- 
volved. 


It is evident from the above that the act energy 
consumption (Gross Energy Input—Energy from by 
Product gases) will be reduced if the operations 
could be performed continuously at the constant reac- 
tion temperature. Any discontinuity due to (a) 
Frush charge of raw materials (b) Tapping of slag 
and hot metal or (c} temporary delays and stoppage 


of operations will cause higher energy consumption 
due to higher losses of energy. Higher capacity 
utilisation (9%) means reduction of avoidable losses 
by continuously operating for ‘nore duration of time 
under stable condition. 


Raw materials, quality vis-a-vis specific energy con- 
sumption 


6. The quality of raw materials has a strong bear- 
ing on specific energy consumption as well as on the 
quality of output of process-centres and consequently 
the end products. This is evident from the chemistry 
of Iron and Steel making Processes adopted at the 
integrated steel plants of the country. The _ blast 
furnace is the first reactor where Iren-oxide (fe,Os) 
is reduced by coke at an elevated temperature of 
nearly 1550°C. This elevated temperature is reach- 
ed by burning coke and hence coke performs dual 
functions of (a) supplying nearly full thermal energy 
to raise the charged materials to 1550°C and (b) 
reducing the oxide of Iron by the carbon molecules 
of the coke, to produce molten hot metal. Simulta- 
neously, the impurities of Tron-ore (Silica, Alumina 
mainly) need to be removed by the fiuxing material 
(limestone, dolomite) in which Silica, Alumina react 
with lime (CaD) at the temperature of reactton 
(14550°C) to form Calcium-Aluminium-Silicate which 
Manifest itself as slag and float over the hot metal 
by phase separation. This simplified basic chemical 
reactions process will provide the background for 
understanding how improvements in the qualitv of 
(a) coke (b) Iron-ore and (c) fluxing materials 
(Limestone & Dolomite) will improve the specific 
energy consumption of Iron-making at Blast furnace 
and also the quality of hot metal. 


7. Before an assessment conld be made of the 
impact of improved quality of (a) Ccke (b) Iron-ore 
and (c) Fluxing material on specific energy consumn- 
tion at the Tron-making stage at blast Furnace, it is 
worthwhile to observe the actual quality and quanti- 
tative usages of these materials aj the integrated steel 
flants and compare the same with DPR-norm of the 
steel plants and also the norms cf the other count- 
ries of the world. Tables 3, and 5 presented below 
show the quality and quantitative usages of (a) 
Coking coal and B.F. coke (b) Iron-ore and (c) Lime- 


stone as aim fluxing material for the period 1982183 
to 1986'87. 


TABLE 3 





(1) Q) / (3) (4) 


1, Blended.coal charged to coke 
Oven.---Ash °% there- 


Ttem ° Year 010 022 


Y & Quantitative usages of coke at Tron making stage at blast furnaces 


of .. F ; ; » 1982-83 20.90 18 70 
1983-84 20.12 20. 00 
1984-85 19.20 19.30 
1985-86 18.26 17.10 


1986-87 


16.70 





021 024 023 025 (b) Wortd Prive 
(5) 6 (8) (9) 
20.64 18 52 71.78 21.92 (ayDPRNorm17°% 
20 42 20 65 22 36 22.22 & 
20. 04 20 02 91.97 22.31 (b) < 10 0% 
18.43 18,28 21.30 22.04 
17.82 17.56 20.81 


20.30 








wD 


0 I 


2. Ash %oin (BF) Coke used int 
Blast furnace 1982-83 
1983-84 
1984-85 
1985-86 
1986-87 


3. Average M-10Ird. x of B.F. 
Cok: (%) : : . 1982-83 
1983-84 
1984-85 
1985-86 
1986-87 


4. BF Coke consum ¢ at blast 

funrace per tonne of hot m.tal 

(kg/Thm) . : ; . 1982-83 
1983-84 
1984-85 
1985-86 
1986-87 

Tax. figures are given. 

N.A. in case of 022. 021, 023 & 024. 


S. Item i. : Yea r 
No. 


oO W- -Q) 


1. Fe-content (%) in Tron-Ore 82-83 
83/84 
84-85 
85-86 
86-87 


2. (a) Silica content (%) . (a) 82/83 
(b) Afumina Content (%) . (b) 
(c) 
(c) A1203/STO2 Rat.o (a) 83-84 
(b) 
(c) 
(a) 84/85 
(b) 
(c) 
(a) 85.86 
tb) 
(c) 
(a) 86/87 
(b) 
(c) 


3. Usages : : : . (a) 82-83 

(b) 

(2) Iron-Ore (lump) consumed 

Ke/THM . : . (a) 83/84 

(b) Sinicr consumed (b) 
in Ke/THM (a) 84/85 

b) 
(a) 85/86 

b) 
(a) 86/87 
(b) 


26.19 
25.5] 
24.30 
23.14 
21.25 


11.00 
10. 80 
10.70 
10.40 

9.20 


O10 


GQ) 
66.77 
66. 83 
66.89 
66.94 
66.81 


0 81 
2.08 
2.57 
0.81 
2.02 
2.49 
0.73 
1.98 
2.71 
0.79 
1.93 
2.440 
0.79 
1.99 
2.52 


968 
737 


1018 
742 
1018 
695 
963 
700 
954 
639 


24 70 
26. 30 
25.30 
23.30 
22.70 


12.50 
14.50 
13.90 
12.20 
11.80 


$23 

816 

787 
723 
709 


022 


@ 
62.45 


63.34 
63.30 
64.72 


SNe ENN =H Nya 
SVBSRBRRSB: 


oo 
oOo = 
we — 


1087 


5 6 

26.46 24.20 
26.55 26.80 
26.28 25.80 
24.14 23.80 
23.65 23.20 
13.95 9.90 
12.50 11.20 
12.22 11.80 
12.41 11.40 
12.39 12.20 
752 890 
731 855 
709 853 
728 811 
106 792 

TABLE 4 

021 024 
(5) (6) 
62.13 61.90 
62.00 62.20 
61.96 62.90 
61.53 62.60 
63.40 62.80 
1-81 2.20 
3.25 3.9 
1.80 1.77 
1.96 1.90 
3.33 3.8 
1.70 2.00 
1.91 1.70 
3.4 3.3, 
1.78 1,94 
2.09 1.90 
371 3.6 
1.78 1.89 
1.25 1.90 
2.83 3.50 
2.26 1.84 
615 1073 
1067 71 
586 1020 
1050 818 
596 1074 
1024 855 
631 1187 
1112 700 
645 1098 
1958 


728 


28.20 
28.80 
28.40 
27.80 
26. 50 


15.30 
17.80 
17.70 
15.20 
12.90 


901 
935 
883 

869 


023 


61.60 
62.60 
62.40 
61.00 
61.80 


N.A. 
N.A. 


N.A. 
N.A. 
N.A. 


N.A. 


1091 
570 


(179 
407 
1076 
539 
1159 
475 
1151 
416 


899 


aoe 
61.64 


28.18 
28.43 
28.52 

28.49 
27.15 


17.69 
17.35 
18.04 
17.67 
15.76 


1072 

1054 

1188 
1056 
1015 


DPR Norm 
BSP -~ 23% 
BSL -.22.5°% 


DSP -— 23.5% 
RSP— 24% 
(b) —12% 


(2) DPR Norm* 


BSP —- 10% 

BSL — 8.0% 
DSP .— 11% 
RSP. 12% 


(a) DPR No;ms* 
(b) < 500 kg./T 





Quality & Quantitative usage of iron ore and sinter at iron making stage at Blast-Furnaces 


025 


ae 


61.42 
61.32 
61.30 
61.10 


2.51 
5.61 
2 24 
2.24 
4.1 
1.83 
2.30 
4.54 
2.41 
2.60 
4.1 
1,58 
2.40 
4.30 
1.79 


1525 


1508 
1485 
1430 


1492 





(a4) DPR-NORM | 
(b) World figure 


(9) 


(a) NA 
(b) >62°¢ Fe 


(a3) DPR-norm for 
A1203/Si02 ratio 
Bhli--0 8 
Bokaro 3.0 
Durgapur -1.8 
Rourkela—2.5 
(b) World figure— 
—0.5 : 


(a)DPR-norm-—NA 


(b) Japan Tron ore 
213-271 Kg. & 
Sinter-- 1329-1402 
Kg. Per tonne of 
hot metal. 
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TABLE 5 


Quality and Quantitative usages of Lime Stone (Main fluxing material) at Iron making stage at Last Furnace 














S. Item Year 010 022 021 024 023 025 
No. 
(0) (1) (2) (3) (4) (3) (6) (7) (8) 
Quality of 1982-83 (a) 8.63 4.90 5 §2 7.70 
{b) 2.54 3.05 1.47 NA NLA. 2.68 
(c) 0.29 0.62 0,27 0.35 
1, Lime Stone used at Blast Furnace 
(a) Silica content (%) 1983-84 (a) 8.31 6.05 5.97 7.78 
(b) Alumina Content (%) (b) 2.42 3.35 1.60 N.A. N.A. 2.78 
(c) Alumina/Silica Ratio (c) 0.29 0.55 0.27 0.36 
1984-85 (a) 8.68 5.94 5.93 7.51 
(b) 2.60 3.81 1.73 N.A. N.A, 2.66 
(c) 0.30 0.64 0.29 0.35 
1985-86 (a) 8.40 5.58 5.76 7.80 
(b) 2.52 4.10 1.78 NA N.A, 2.70 
(c} 0.30 0.73 0.31 0.35 
1986-87 (a) 8.48 5.09 5.48 7.30 
(b) 2.54 3.75 1.69 N.A. N.A. 2.90 
(c) 0.30 0.74 0.31 0.40 
2. Usages Consumntion of | ime Stone at Kg./THM. 1982-83 59 42 126 291 302 332 
, 1983-84 55 59 102 191 346 310 
1984785 58 42 66 116 296 385 
1985-86 41 20 25 134 325 401 
198687 25 43 125 


23 361 391 








8. Input thermal energy mainly from coke has (a) 
transformed the raw material quantities (ccke, [ron- 
ore and flux) of qualities shows in Table 5, 6 and 7 © 
into hot metal and (b) transformed the gangue mate- 
rial quantities (Silica, Alumina and Ash of Coke) 
into slag. [t has also produced the useable zy-pro- 
duct blast furnace gas. The energy consumption of 
the system thus balances as fullows : 


Input Energy (X) = Energy consumed for making hot 
metal and slag (X,)+Energy out- 
put as B.F. gas (X,)+losses of 
energy by conduction, convection 
and radiation (X:). 


It is, therefore, worthwhile ta observe the net 
energy consumption (X-——X,) pei tonne of hot metal 


simultaneously with the generation of slag per tonne 
of hot metal, since the net energy spent has perfor- 
med the generation of hot metal and slag at the same 
time. This net energy spent again includes the losses 
(Xs) of heat energy through conduction, convection 
and radiation. The losses component of energy sta- 
bilise under equilibrium condition of process-tempe- 
rature and it increases under unstable (fluctuating 
{cmperature) working condition. This effect of 
degree of stability in operation over a period of one 
year is being caught by the capacity utilisation (%). 
Lower capacity utilisation (%) dencte more unstable 
cperations compared to highvi capacity utilisation 
(%). Actual net energy consumption per tonne of 
(a) hot metal, (b) slag and (c) capacity utilisation (% ) 
may be observed from Table 6. 








652 Industry /89—14 
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TABLE 6 


es ee ee ee 





Net energy consumption per tonne of hot metal produced and slag generation per tonne of hot metal at blast furnaces 





Ss. Ttem Year 010 022 
No. 
(0) (1) (2) (3) (4) 
1. Net energy* (net of B.F. gas 
energy output of the process) 
consumption at Blast furnace 
in G. Cal/T. of hot metal 
produced. 1982-83 4.324 4.485 
1983-84 4.220 4.579 
1984-85 4.179 4.319 
1985-86 4.139 3.945 
1986-87 3.977 4.060 
*it includes losses due to 
conduction, convection and 
radiation 
2. Slag produced per tonne of 
hot metal produced in Kg/ 
THM. . : . 1982-83 541 576 
1983-84 500 606 
1984-85 512 541 
1985-86 486 465 
1986-87 412 470 
3. Capacity Utilisation (°%) 1982-83 94 78 
1983-84 92 iti) 
1984-85 95 19 
1985-86 88 88 
97 80 


1986-87 


Data presented in Table 6 shows that both TISCO 
and Bhilai plants have achieved higher capacity 
utilisation (%) compared to other plants. This sig- 
nifies that the loss-component of energy due to un- 
avoidable conduction, convect‘on and radiation in- 
cluded in the net energy consumpticn per tonne of 
hot metal has assumed nearly a constant figure duc 
to stable operation at constant temperature of the 
precess-reaction of blast furnace compared to «ther 
units having lower capacity utilisation (%), which 
denotes some degree of unstable operation during 
the year under consideraticr. The observatior 
therefore, is being made of the relationship cf net 
energy consumption per tonne of hot meta] against 
slag generated per tonne of hot metal of TISCO at 
Bhilai. The net energy consumption shows a dec- 
lining trend with lower generation of slag per tonne 
cf hot metal produced at Blast furnace (Annex 5/1). 


9. The above evidence is suggestive of the pro- 
position that net energy consumption per tonne of 
hot metal under stable operation increases with 
slag generated per tonne of hot metal. Slag as by 
product output of chemical reaction inside blast fur- 
nace directly varies with gangue (Silica, Alumina, 
Ash in B.F. Coke of raw materials) materials of (a) 
B.F. Coke, (b) Iron ore and (c) Limestone. Con- 
versely it would be possible to reduce net energy 
consumption at blast furnace if the auality of raw 
materials improves which will result in less produc- 


021 024 





023 025 (a) DPR-NORM 
(b) World Figure 
(5) (6) (7) (8) (9) 
e 
5.806 4.878 7.400 4.427. (a) DPR-NORM 
5.686 5.052 7.584 4.935 N.A. 
5.742 5.179 7.913 6.112 (b) 3.350 G. cal./ 
THM at British 
Steel Corporation 
5.892 4.711 6.147 4.791 
5.390 4.592 6.101 4.620 
583 630 $24 632 (a) DPR-NORM 
556 577 549 686 (b) World figure 
531 513 559 765 (b) 280-350 kg./THM 
506 458 $42 749 
497 451 542 693 
80 75 62 70 (a) DPR-NORM 
83 72 58 65 N.A, 
65 71 52 52 (b) World figure 
65 77 63 66 N.A, 
61 76 66 63 
tion of slag. Improvements in the quality of raw 


materials will strongly influence the followings : 


1. The net energy consumption per tonne of 
hot metal will be reduced consequent to 
the lower generation of slag per tonne of 
hot metal. 


The productivity 
furnace will increase. 


3. The quality of hot metal Particularly of 
its silica content (%) will improve as a 


Nu 


(T'Msjday) at blast 


result of which specific energy consump- 
tion at steel melting shops will also be 
reduced. 


4. The quality of the produced will improve 
at lower cost since hot metal impurities 
will be reduced thereby requiring less 
effort at ladle and steel melting furnaces 
to bring steel to a_ particular chemical 
composition as demanded by the domestic 
consumers and export. 


_ 10. To quantify the savings in energy due to 
improvements of quality of input of raw materials 
and its cost at 1986!87 price level a stipulation of 
10% reduction of slag (Kg.|THM) of the best al- 
ready achieved during the preceding five years has 
been made and an_ exercise has been accordingly 
made to ascertain the gain. The result of this exer- 
Cise may be observed from Table 7. 


7) 


ACTUAL ENERGY CONSUMPTION PER TONNE OF HOT METAL, as 
FUNCTION OF SLAG PRODUCED PER TONNE OF HOT METAL 


i os (NET ENERGY CONSUMPTION| Ff (SLAG GENER ATEO) 


UNIT- O10 


> 
o 


. 
@ 
n 


> 
© 


4.75 


> 
xy 


ENERGY CONSUMED (6.CAL /THM) 
> 
Ka) 





é ° 


412 456 500 Si2 =) 
AG PER TONNE Of HOT MET 
FIG. 4 


WET ENERGY CONSUMPTION =f (SLAG GENERATED) 


UNIT- O22 


ENERGY CONSUMED (G.CAL/THM) 





465 470 54) 576 606 
SLAG PER TONNE OF NOT METAL 
FIG.-2 
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TABLE 7 


Improvement in energy consumption/T of hot metal by improvement of slag generation at a level 10 °/ lower then minimun: achieved during 














Sh. Items Year 010 022 021 024 023 025 
No. 
1. Actual 
(a) Energy consumption/T of hot metal in GCAL/ 
THM. : ‘ . 1982-83 (a) 5.018 4.485 5.806 4.878 7.400 4.427 
(b) 541 576 583 630 524 632 
1983-84 (a) 4.898 4,579 5.686 §.052 7,584 4.935 
(b) 560 606 556 577 549 686 
1984-85 (a) 4.818 4.319 5.742 5.179 7.913 6.112 
(b) 512 541 531 £13 559 765 
(b) Slag Prod./T of hot metal (Kg/THM) . 1985-86 (a) 4.794 3.945 5.892 4.711 6.147 4.791 
(b) 486 465 506 458 542 749 
1986-87 (a) 4.616 4.06 5.39 4.592 6.101 4.62 
: {b) 412 470 497 451 $42 693 
2a. Hfslag prod. ISS reduced by 10% of the min. of 
last 5 years in Kg. 2 - : : 41.2 46.5 49.7 45.1 §2.4 63.2 
2b. New Slag Gen./THM ‘ ‘ : : ‘ 370.8 418.5 447.3 405.9 459.6 568 .8 
3. Improvement to be energy cons. (GCAL/THM) due 
to SL No. 2b . F : : ‘ : 4.491 3.735 5,155 4.519 5.334 3.678 
4. Savings im energy cons. in GCAL/THM Actual- 
New value at SJ. No. 3 ’ . ; ‘ 1986-87 OF125 0.325 0.054 0.073 0.767 0.942 
5. Cost (Rs./G. Cal.) . : 1986-87 100 130 95 105 86 114 
6. Savings Translated to (Rs./THM) 12,5 42.25 5.13 7.66 65.96 107.4 
7. Hot metal intsalled capacity in (000 T) 1986-87 2000 2970 2735 16¢0 1700 1300 
8a. Actual Prod. during 1986/87 (’000 T) 1986-87 1940 2510 2813 1223 1125 825 
8b. Actual Cap. Utilisation (°%) in 1986-87 97 80 61 76 66 63 
9. Total savings at 1986-87 prod. Le (Rs. lakhs) 242.5 1060.5 144.3 93.7 742.1 886.0 
10. Total Saving for the Industry (‘00000 Rs.) 3166.05 
The question may arise at this stage as to how i — (1) rye gh my a ee 2) ae 
the reduction of 10% slag generation at blast fur- et a sae, PS Nate Se 
nace could be achieved When the exact quantified D.iyeeréaeinsines.con(cnk (0:8 sim 
influences of various predominant factors such as (a) fraction) anv sinter by 49/ Nos 05 
Ash content (%) if B.F. coke with its strength ° A j 
Ge value), (t) Silica and Alumina content (%) 3. Improving the consistency of Fe 
of Iron ore and Limestone, (c) Balanced fluxed Sin- content in burden % from +-1.5 
ter and lump ore ratio and finally (d) the Fe cont- to 0.5 +5.0 -2.5 
end (%) of burden charged to Blast furnace 4. Decreasing the raw limestone in 
upon coke rate are not known. After intensive ope- the burden by 100 Kg. (through 
rational observations at SAIL plants followed bv higher usage of sinter) . : 4.0 4.0 
Laboratory testings, RDCIS has quantified the i eiicereanmhedne ; 
effects of improvements of raw material quality on ; epee” OSH COREE OLSOkS 3 
coke rate and consequently on energy. This can be Seite £o9. hee 
observed from Table 7(A). 6. Increasing the strength of coke in 


TABLE 7(A) 


Improvements in the Quality of Raw Materials Charged to 
Blast Furnace vis-a-vis Coke Rate and Blast Furnace Pro- 


ductivity 
Sl. Parameters Producti- Coke 
No. vity Rate 
(64) %) 
(0) e8) (2) (3) 
1. Increase in iron content (Fe) in 
the hurden by 1°% ete cS 28 





-——— aes oe ne 








M10 value by 1°% 


- Source : RDCIS (Ranchi). 





~5.0 


The above table provides the possibilities to 
plant authorities to identify the factors within the 
controls of the management whose improvements 
are possible for the reduction of slag and coke rate 
and consequently the energy consumption at blast 
furnace. A finer tuning is possible only throuch a 
Model which can also be provided by RDCIS. 
Looking into the world figure of slag generation of 
280-350 Kg.it of hot metal, Bureau strongly feels 
that 10% reduction of slag generation with its 


associated saving of energy as quantified in Table 7 
ls quite a reasonable target and could be achieved 
without substantial investments. 


Table 7 shows that a saving oi Rs. 31.09 crores 
could be achieved by the improvements of raw 
materials (Iron ore, Coke and Limestone) so as to 
generate 10% less slag compared to the minimum 
achieved during the preceding five years. This is a 
direct saving on a very conservative basis since cal- 
culations were not made of the saving at Steel 
Melting Shops with hot metal having lower value 
of Silica content. It is worth mentioning here that 
the world figure of slag generation per tonne of hot 
metal varies from 280—-350 kg. against the mini- 
mum value of 412 kg. achieved by TISCO in 1986! 
87. The reduction of slag generation by 10% is 
achievable by the following measures to be under- 
taken by the units : 


(1) CIL should supply coking coal from 
their washeries so that the ash content of 
the blended charge coal to coke oven can 
be maintained below 18%. The same 
effect can be achieved by imported cok- 
ing coal used as a sweetener. BF coke 
will contribute nearly 50% of the total 
slag generation. 


(2) Alumina|Silica ratio of the charge 
(Iron-ore and Lime) should be reduced 
to at least 1 since high alumina content 
of Iron-ore will produce viscous slag 
demanding more energy for fluidity and 
phase separation. 


(3) The use of balanced  fluxed sinter in 
high proportion will generate less slag 


and improve upon the specific energy 
consumption. ; 
Instrument and Process Controls vis-a-vis specific 


Energy Consumption 


11, Integrated steel plants are basically a chemi- 
cal process industry at least upto the stage of crude 
steel making. A chemical porcess industry is sensi- 
tive to the quality of input raw materials and also 
the process parameters (such as temperature, pres- 
sures, etc.) at which the chemical reaction is ortimum. 
To achieve optimuin result out of a given set of 
conditions the use of modern instrumentations and 
controls is. imperative. In world scena in of steel 
making a great change has occurréd since last as 
years—now a steel plant has large number of 
computers of different processing capabilities which 
has brought varicus economics of operations at the 
plant level. 


SAIL has made tentative plans to replace the 
existing instrumentation and sential systems which 
have outlived their utility at different plants by ins- 
talling PC’s and large computer systems by 1985 to 

make—SAITI. plants comparable to other de: cloped 
countries as they ‘exist today. The basic concept of 


this plant for different operational controls at different 
planis may be observed from Table 4. 


TABLE 8 
SYSTEMS ENGINEERING 


Process Control 


Instrumentation Process Models Scheduling Activities 


PAE 25S Bia ameters 


Wt BF, Power scheduling 


Composition Steel making Gas A 

Dimensions Rolling Wagon ,, 

Temp. Raw materiai Production Planaing 

Pressure Sinter preparation Shop activities 

low Power generation Maintenance sche- 
duling 

Speed Coke making Services 

Communication & By producis. ater 
Display Fertilisers Compressed Air 
Soaking pit Nitrogen 


Logging aid Reheating furnaces Oxygen 
Contre} Welding gas 
PLCs Braj Honors 


The concept shown in Table 4, when brokers up 
into action programme at plant Icvcl consists of 
the following SAIL: 


1. Installation of PCs and work-stations for 
capturing the information at the source 
and mainframes as the data banks and 
for executing big programmes like produc- 
tion planning and scheduling, mainten- 
ance scheduling, wagons and loco schc- 
duling ctc. 


2. Installation of combustion control systems 
for coke-oven, soaking pits, re-heating 
furnaces, boiiers, etc., weighting systems 
for despatch of products end for inputs 
for processing. The load cells will be ins- 
talled in cranes, hoppers and belts and 
for in-motion weighing. 


3. Process control systems for blast furnaces, 
steel melting shops, roiling mills, fertilizer 
units, by-products, tracking of products 
to a void mixing etc. 


4. To improve the communication system by 
augmenting the present hotlines by instal- 
ling PC based exchanges, introducing 
radio communication in mines and _ plants 
and satellite communication by _ installing 
roof-top antinas using NIC-NET and 
other net-workers. On an averane, this 
may require «an investment of about 
Rs. 20 crores per year per plant for 
seven years, starting from 1988-89, 


Pav-back Period 


Various installations for process control and 
management contro] have indicated the pay-back 


period of less than two years. SAIL has experi- 
mented and found that in some installations of 
combustion control systems in soaking pits in Bhilai 
the pay-back period was less than a year. There was 
saving in energy on installation of con:bustion cont- 
rol system to the extent of 20%. The management 
contro] system helps in streamlining the data prepara- 
tion and information system. On computerising the 
data feeding system using PCs, same information is 
available to all departments, thereby reducing the 
confusion and improving the confidence in new 
decision making process installation of modern ims- 
truments and control of process parameters conti- 
nuously ensure various corrective measures and en- 
Sure optimisation of the process. It is als not very 


expensive in investments and return is ccmmen- 
surate and hence it is highly desirable. It is under- 
Stood that the industrial system group (ISG) of 


BHEL at Bangalore has _ executed complete auto- 
mation system of Bhilai’s blast furnace No. 7 
(capacity 2000 M*) in August 1987. Bureau recom- 
mends early implementation of such projects in all 
the integrated steel plants cf the country. 


The main benefits of introduction of modern 
sophisticated instrumentation and control for Indian 
Steel plants may be observed from Table 9. 


TABLE 9 


(1) Reducing specific energy Reduce wastage of energy, 
consumption. decreasing track time, proper 
input/output scheduling. 
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(2) Introduction of online To improve product quality 
inspection system. and avoid processing of 
defective materials and 
finishing. 
(3) Reduction of coke rate Through automatic charge con 
in blast furnace. trol system using moisture 
gauge and coke ash moni- 
toring system; charge se- 
quence control and increas- 
ing hot blast temperature. 
(4) Reliable electronic weig- For charge weight control, 
hing system. prop... ..oning weighing con- 
wor (particularly in) sinter 
plant) and despatch section. 
(5) Reheating.soaking pits optimisation control. 


SHORT-TERM MARGINAL INVESTMENTS _IN- 
VESTMENT LIMIT RS. 10 LAKHS|PRCJECT) 


12. Operational opti.cisation by way of (a) imp- 
toved capacity utilisation, (b) improved quality of in- 
put raw materials and (c) improved instrumentation 
of process control is associated mostly with short- 
term marginal investments. These investments are 
plant-specific and can be identified by plant authori- 
ties. These investments are mostly directed towards 
reduction of energy losses by propr house-keeping 
efforts together wit minor process and equipment 
modifications. A check list (Annex 5|2) has been pro- 
vided indentfying the scope of attention to be given 
to various op2rations to improve upon specific energy 
consumption by giving proper attention to house- 
keeping. The actual performances of different units 
in respect of short-term investments vis-a-vis benefits 
accrued are presented in Table 10. 


TABLE 10 
Short-term, low investment cost (Investment cost limit upto Rs. 10 lakhs) Projects/Schemes undertaken by Steel Plants and Annual Benefits 





Items 


Sl. 

No. 

(0) (1) (2) 
1. Total No. of schemes/projects impicmented. . DNA* 
2. Total investment cost of the schemes implemented DNA 

(Rs./Lakhs) 
3. Annual benefits accrued in 1986-87 (Rs./Lakhs) DNA 


4. Average Payback period (in months) 


*DNA --- Data not available. 


The pay-back periods of short-term (with gestation 
period of 6 to 12 months) low investment cost pro- 
jects for energy conservation are extremely favour- 
able and lucrative. Yet the number of svch projects 
undertaken by the units is found to be meagre show- 
ing thereby that the better house-keeping by mar- 
ginal investments have not received the due atten- 
tion from all concerned authorities as it deserves. This 
weakness needs to be rectified since the benefits here 


accrued thereof during the period 1982-83 to 1986-87 


010 





022 021 024 023 025 Total 
(3) (4) (5) (6) (7) (8) 
ae - 2 8 3 4 29 
48 .50 7.35 26.35 34 12.3 128.5 
$2.6 9.24* 41.2 27.58 26.3 156.92 
12 10 8 8 6 9 


(Average) 


are far more than investment costs. Examples may be 
cited from Japanese experiences, to elaborate this 
point of view. “Japan’s* expetience demonstrates that 
operational improvements yield high returns is short 
periods of time. The cutcom: of the energy conser- 
vation programme catricd out by NSC** after the 
first oil crisis of 1973 was a 10.9 per cent energy sav- 
ing between 1974 ard mid-1978, of which 55 per 
cent was due to operational improvements, 25 per 


~ Source : World Bank Technical Paper Number 22 on Energy Efficiency in the Steel Industry with Emphasis on Developing Countries, 


**Nippon Steel Corporation (NSC). 


cent to the introduction of energy efficiency equip- 
ment, and 20 per cent to the modernization of equip- 
ment. Initially, the savings achieved through impro- 
vements in day-to-day operations far surpassed those 
from changes in equipment. As these equipment mea- 
sures began to take effect, however, the energy sav- 
ings they generated gradually increased. In 1978, 
at the end of NSC’s first five-year energy efficiency 
programme energy saving by equipment measures 
(both for energy saving and for modernization of 
equipment) accounted for about 5C per cent of savings 
achieved in that year. Thus, after a period of four 
to five years, equipment measures clearly became 
more important. At the same time, however these 
measures requited higher investments than the rela- 
tively inexpensive operational improvements. “The 
above should form most appropriate parameters in the 
Indian context, covering areas of (a) capacity utilisa- 
tion, (b) Raw material’s quality and (c) Instrumenta- 
tion and process controls. 


Rtrofit Technology|Equipment Improvements vis-a- 
vis Specific Energy-consumption 


13. Many countries all over the world, after the 
energy crisis in 1973 resorted to retrofit technology 
this consists of firstly to improve upon specific energy 
consumption, secondly this afforded the possibility of 
lesser investment cost with comparatively better bene- 
fits, and thirdly it does not call for lay-out changes at 
works causing interruption in production, Retrofit 
technology does not radically change the process of 
manufacture yet it improves productivity and specific- 
energy consumptivn In fact, this should be the third 
priority in the sequences as laid down in Table (1) 
where investment cost limit has been set as 10—50 
lakhs of rupees. The potential possibilities of retrofit 
technologylequipment improvements as could . be 
identiled for Indian plants, may be observed from 
Table (11). 


TABLE 11 


Potential Possibilities of Energy Improvements by Retrofit 
Technology 


Sl. Identified schemes under 





Process-centre Availability _ 


No. retrofit technology where of 

it is to be Technology 
applied 

(0) (1) (2) (3) 

]. Introduction of selective Coking coal Indigenous 
crushing of coal/group and coke technology 
crushing. by RDCIS 

for group 
crushing, 
For selective 
crushing by 
USSR, 

2. Introduction of stamp -do — West Ger- 
charging technology during many/France/ 
renovation of coke oven East Ger- 
batteries many. 


Oe ee 


(0) 


(1) 


ink 2) 


3. Averaging and blending Coking coal 


4, 


5, Introduction of close-circuit 


10. 


11. 


13. 


14, 


15. 


16. Introduction of combines 


17, 


18. 


19, 


facilities of different types and coke 

of coking coals. 

Introduction of base blend- Sinter Plant 
ing facilities, 

—do— 
two stage coke - crushing 

to control size of coke fines. 
Introduction of electronic Sinter Plant 
load cell type weighing 

system to reduce fluctua- 

tions of. feed. 


Waste heat recovery from —do— 
sinter weler and the use 
of waste heat in ignition 
and heat treatment hoods. 
Introduction of prebeat- 
ing of sinter mix by waste 
heat. 

Introduction of bedding Blast furnace 
and blending facilities to 
all blast furnaces. 
Introduction of automatic 
weighing of raw materials 
to blast furnaces and its 
controls. 

Insulation of cold blast 
line from turbo-blower to 
blast furnace. 

Automation of stove for 
achieving high blast tem- 
perature of 1100-C, 
Introduction of non-cok- 
ing coal dust injection to 
blast furnaces to reduce 
coke consumption 
Introduction of improved Steel melting 
burners for firing of CIF — shops 
Introduction of double —do— 
oxygen lancing in open 

hearth furnaces (KORF - 

Technology). 


do - 


-—do— 


~do ~ 


—~do ~— 


—do — 


Steel melting 
blowing at L.D. converters shops 
Introduction of suppressed -do - 

gas combustion systems to 

recover LD gas. 

Introduction of improved Soaking pits 
burner and heat insulation 

of the furnace. 


Introduction of improved Reheating 
burners heat insulation furnaces 
and micro-processor con- 

trols, 


Modification of Combus- 
tion air distribution for 
grade coal firing boilers 
and modification of BF 
BF gas burners. 


Power Plant 


a ne . 


@), 


Indigenous 


~ do -- 


—do— 


Indigenous 


West Ger- 
many/Japan, 


Indigenous 
Indigenous 


~-do - 


Indigenous/ 
Import 


-do.. 


Indigenous/ 
Import 
KORF— 
Technology/ 
KORTEC 
A.G., 
Switzerland, 
RDCIS/CET 
(Indigenous) 
Yrance/Japan 


Indigenous 


Indigenous 


-do ~ 


It is of great significance to observe the actual pcr- 
formances of the steel plants during 1982-83 to 
1986-87 against the avave potential possibilities of 
improvement of specific energy consumption through 
the retrofit technology. Annex. 5|1 shows  unitwise 
energy saving scheme immlemented upto 1986-87 and 
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Annex. 5/2 the eucrzy saving schemes likely to be 
implemented upto 1989—95. The salient features of 
the schemes implement:d curing the period 1982-83 
to 1986-87 in respect of its cost-benefit status are 
Set out in Table 12. 


TABLE-0-i2 
Medium-term medium investment cost (%3.102Rs.50 take) Projects/Schemes uadertakea by the steel plants and annual benefits accrued 


thereof at cating the ues 1982-83 10 1986-87 


SI. Ttoms 

No. 

0 1 = 3 

7 Total No. Oe hemes'p ojects DNA* 
implemented. “ 

2, Total investin nt cost of the schemcs DNA 121.8 
implem:nted (Rs. lakhs) 

3. Annual beadfits accrued in 1985-87 - 98.51 
(Rs. lakhs) 

4. Average p2yback period i monihs -- 15 


DNA - ate Rit avanlabie: 

The pay-back period of medium term (with gesta- 
tion period of 12 to i% months) medium investment 
cost (Rs, 10,50 lakhs) projects is also ottractive, 
Yet data shows that number of such projects imple- 
mented during the period 1982-83 to 1956-87 is ex- 
tremely small—Energy conservation measures at least 
cost of investment demarcs periority to equipment 
improvements before large scale modernisation vxc- 
gramme initiated (Ref. para 12). 


Upgradation of Technology of Manufacture through 
Modernisation vis-a-vis specific Energy Consumpiton 


14, The techno'»gy of manufacture is a dynamic 
process—it undergoes change with fime as human in- 
novative ideas after exnerimeating in laboratory and 


oe ee ee ee = te re ne 


021 24 “023 


025 Total 
a ee eee ie ee 
(ae ae a ee 
47.13 112.0 Nil = 280.93 
37.21 89.3 Nil = 225.02 
16 Is Nil = 18 
(Average) 


pilot plants bring forth new commercial technolcgy, 
which. tends to replace the old existing technology, 
by virtue of its superior operating performances leading 
to economy of cost. The new technology's adoption, 
however, is always associated with high investment cost 
and cost of delay of project implementation which 
by its own implicaticn is a risk so the various 
advantages of new te.tavlugy are derived quickly 
and as could be laid do*.. n DPR = such projects. 
Viewed in the same background, it is intended at 
first, to identify the energy-saving projects whose in- 
vestment cost per project is more than Rs. 50 lakhs 
and also to examine its cost-benefit status so that the 
adoptation of such projects is appropriate under In- 
dian context. As a first step, these projects are iden- 
tified and presented in Table 13. 


TABLE 13 


Potential Possibilities of Energy Neca earnssinie by Uperadation of Technoloy 





SI. “‘Tdentified schenses under Upgradation of Technolony: 
No. 


: iptrodnciion of dry ashing of coke: 
Installation of new sinter machine for increasing of sinter at 
blast furnace. 
3. Coal dust injection to blast furnace to reduce coke 
consumption, 
Dry type top-pressure recovery turbine. 
Preheating of combustion air of the stove. 
Installation of LD converter with continuous caster 
Top and bottom blowing at LD converter 
Recovery of 1D gas with suppressed combustion system. 


vo wor 


Pw ID 


Computerisation controls at soaking pits and reheating 
furnaces with insulation by ceramic fibre blocks. 


10, Introduction of fluidised bed boilers for steam generation. 


11. Automatic cotrols at oxygen plant. 








Applicable Process 


ae _ 








Availability of Technology 
Centres 





U. K. /West Germany/Japan, 
U.S.S.R. 


Coke oven signe: 
Sinter Plant 
Blast furnace USSR/Japan/West Germany. 


West Germany/Japan. 
Indigenous/Hoogorans of Netherland. 


Blast furnace 
Blast furnace 


Steel melting shop USSR/Japan/Switzerland (Concast) 
—do— RDCIS/CET 
---do— Indigenous 
Soaking pits and Indigenous/import. 
reheating furnaces. 
Boiler Plant BHEL/Import 
Indigenous/Import. 


Oxygen plant 
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It would be of great significance to observe past the steel plants for the period 1982-83 to 1986-87 
performances as well as the future plan of the Indian and future plan of ection upto 1989—95. The sali- 
stecl plants in respect of upgradation of Technology. ent features of past perforinances may be observed 
Annexes 5'l and 5:2 show the past performances of from Table 14. 

TABLE 14 


Long-term, high investment cost (above Rs. 50 lakhs) Projects/Schemes undertaken by the Steel plants and annual benefits accrued thercof 
during the period 1982-83 to 1986-87 


SI. Ttems 010 022 021 024 023 025 Total 

















No. 
(0) (1) Q) (3) (4) (5) (6) (7) (8) 
1. Total No. of projects/schemes implemented. ‘ J r Nil 2 it . 1 —_ 6 
2. Total Investment cost of the projects implemented 
(Rs. Lakhs) ‘ : F : é . : 800 1650 og 702 538 100 3690 
3. Annual benefits accrued in 1986-87 (Rs. lakhs) : 29 482 cas 241 - 133 34 885 
4. Average payback period in months. ‘: : 24 42 oe 36 48 36 -40 
(Average) 
The payback period of long term (gestation period Infrastructural facilities vis-a-vis specific energy con- 
2 to 3 years) high investment cost projects varies sumption. 
from 24 months in TISCO to 42 months in Bhilai and 
48 months at DSP. Such investments aim at upgrada- 15. Integrated steel plants or operational and ene- 


tion of technology which needs careful scrutiny before fficiericies d d Ler ot dle 
undertaking such steps particularly in respect of the Tgy efficiencies depend on large number of items from 


required support from infrastructural facilities infrastructural facilities of which two items are of 
(such as required electrical power from — grid, great importance. These are:— 


quality of coking coal as projected and transport faci- ‘ BA oa , 

lities), so that full capacity utilisation of the projects (1) Supply of coking coal in right quality and 
is ensured at least during the initial periods of 5-6 quantity. 

years after commissioning of the projects. Upgrada- daa] er Pee 
tion of technology by modernisation programme with (2) sci of ering a Staty grids in 
high investment cost due to various factors to the Hgut qualty: ene: dasa: 
system will necessarily improve the energy conserva- 


tion scenario unless tofal synergy is achieved amongst Steel plants to a large extent depend on these two 
(a) operational man~power, (b) quality of raw material vital items for their productivity and energy conserva- 


input, (c) quality of the machinery and its reliability 
adopted. SAIL’s technology plan upto 200 A.D. Vol. 
2) should examine these aspects in detail sinc2 mis- 


tion. The quality and quantity requirement of 
coking coal and non-coking coal for SAIL plants up- 














take here may turn out to be tco costly for Indian to 1994-95 may at first be observed from Tables 15 
company to bear with. and 16. 
TABLE 15 
Quality and quantity requirement of coking coal of SAIL Plants 
Unit '000 T 
ae i =o oa ~ 1989-90 . 1994-95 : 
Unit code Bie ee E eetee 2 hn A ah ee es ee oe a ee 
Estimated Coal Coal Av. Estimated Coal Coal AY. 
Hot Metal Tron Requires Ash % Hot Metal Tron Require- Ash % 
Production Ratio ment in Production Ratio ment in 
coal coal 
blend blend 
“022 F i” F : : : . 4080 1.33 5430 17 4410 1.17 5180 17 
021 , ‘ , : : z F 4620 3.29 5972 17 4725 1.17 5550 17 
024 ‘ A ‘ : ‘ E 1350 1.80 2430 17 2000 1.295 2590 17 
023 : F . : é - - 1200 1.52 1828 17 1885 1.265 2385 17 
025 . : : £ ‘ : ; 950 1.94 1840 17 1600 1.353 2195 17 
14620 1.224 179.00 


020 : : : . . : 12200 1.43 17500 








652 Industry / g9—15 














1994-95 



































Quality & Source of Supply 1989-90 
Type of Coking Coal Source of Blend Requirement Blend Requirement 
supply Proportion Proportion 
ote: emer aes, s : os she iach is Raed Jost ie tee Se a aes 
prime Indigenous 35 6125 35 6265 
Imported 20 3500 20 3580 
Medium Indigenous 35 6125 35 6265 
Blendable Indigenous 10 1750 10 1790 
Total . : 100 17500 100 17900 
TABLE 16 
Non-Coking Coal Requirement of SATL Plants 

(In million tonnes) 

Unit For existing power For new power Total Total 
Code Plant Plant (1989-90) (1994-95) 

021 0.40 0.42 0.82 0.835 

(Gr. B minus 100 mm) (Gr. D minus 100 mm) : 
024 Z 0.35 0.55 0.90 0.950 
(Gr. B/C minus 100 mm) = (Gr. D/E minus 100 mm) 
023. 7 0.24 0.54 0.78 0,820 
(Gr. C minus 50 mm) (Gr. D/E minus 100 mm) 
022~—=««w 0.75 0.70 1.45 1.460 
025. ‘ 0.70 — 0.75 0.735 
020 (Total) 4.65 4.80 








Steel plants in the pist have suffered from itregu- 
lar quantitative supply of ccals but more so on qua- 
lity front which has ended in disastrous result on pro- 
ductivity and energy efficiency at steel plants. The 
quality of coking coal supplied to steel plants in the 


past can be judged mainly from (a) the blended cok- 
ing coal’s quality charged to coke oven batteries, (b) 
the quality of B.F. coke produced and (c) the 
strength (Mi value) on B.F. coke produced. This 
may be observed from Table 17. 


TABLE 17 
Analysis of Coal Blend & BF Coke 


























Particulars Contents 1982-83 1983-84 1984-85 1985-86 1926-87 
(0) (qt) (2) (3) (4) (5) (6) (7) 
1, 010 a _ = 7 
Coal Blend charged to coke oven 
Chomical Analysis Moisture 6.36 6.61 7.00 7.33 7.86 
VM 24.81 25.02 24.78 24.70 25.00 
FC 54.29 £4.86 56.02 57.04 58.06 
Ash 20.90 20.12 19.20 18.26 16.94 
Sieve Analysis (3.2) mm 78.47 77.61 77.91 79.06 79.21 
B.F. Coke 
Micuni Yoder (+40) mm 77.60 78.40 79.00 79.10 81.40 
M10 (—10) mm 11.00 10.80 10.70 10.40 9.20 
Geeriogh aaiysie. Ash 26.19 25.51 24.30 23.14 21 35 
VM 0.89 0.76 0,56 0.45 "48 
FC 72.92 73.73 75.14 76.14 78.27 
Moisture 5.23 5.33 5.78 3 
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© od 7 (2) pana QO @ £®& © _ a 
2. 022 
Coal Blend charged to coke oven 
Chemical Analysis Moisture 5.30 5.40 5.60 5.70 5.60 
VM 23.10 23.90 24.40 24.30 25.10 
FC 58.20 56.10 56.30 58.60 58.20 
Ash 18.70 20.00 19.30 17.10 16.70 
Sieve Analysis (---3.2) mm 80.10 80.30 80.70 80.40 79.20 
BF Coke 
Micum Index (+40) mm 76.20 73.90 74.30 75.20 75.50 
My ( -10) mm 12.50 14.50 13,90 12.20 11.80 
Chemical Analysis Ash 24.70 26.30 25.30 23.30 22.70 
VM 0.70 0.80 0.90 0.80 0.70 
FC 74.60 72.90 73.80 76.00 76.60 
Moisture 2.50 2.50 2.40 2.40 2.40 
3. 021 
Coal Blend charged to coke oven 
Chemical Analysis Moisture 5.94 5.96 8.39 6.25 6.39 
VM 22.81 23.23 23.47 22.97 22.79 
FC 56.55 56.35 56.49 58.60 59.39 
Ash 20.64 20.42 20.04 18.43 17.82 
Sieve Analysis (—3.2) mm 78.76 79.60 80.00 80.90 80.75 
B.F. Coke 
Micum Index (+40) mm 76.24 77.50 78.10 77.80 78.00 
My, (—30) mm 13.95 12.50 12 .22 12.41 12.39 
Chemical Analysis Ash 76,46 276.55 28.28 24.14 23 65 
VM 0.39 0.36 0.36 0.38 0.38 
FC 73.14 73.09 73.35 75.49 75.96 
Moisture 3.98 3.90 3.84 4.08 4.21 
TABLE 17 
Analysis of coal biend & B.F. Coke 
; Unit—-Pereent 
SI. Particulars Conten‘s 1982-83 1983-84 1984-85 1985-86 1986-87 
No. 
(0) (1) (2) G) (4) (5) (6) (7) 
4. 023 
A. Coal blend charged to coke oven ; 
Chemical analysis : Moisture 5.42 5.97 5.09 5.64 5.91 
VM 21.92 22.33 22.44 22.70 22.90 
FC 56.30 55.31 55.59 56.00 56.80 7 
Ash 21.78 22.36 21.97 21.30 20.30 
Sieve analysis (--3.2) mm 76.36 74.36 74.49 76.39 74.23 
B. B.F.Coke 
Micum Index (--40) mm 74.70 72.00 73.10 75.50 77.80 
Myo (--10) mm 15.30 17.80 17.70 15,20 12.90 
Chemical anc lysis Ash 28.20 28.80 28.40 27.80 26.50 
VM 0.80 0.90 1.00 0.84 0.87 
FC 71.00 70.30 70.61 7: .40 72.63 
Moisture 7.20 7.20 6.40 7.10 7.20 
5. 024 
A. Coal blend charged to coke oven ; 
Chemical Analysis Moisture 6.02 6.38 6.18 "“°*" 5,91 5.99 
VM ?3.10 24.28 24.73 24.08 24.06 
FC 58.48 55.07 55.25 57.64 58.38 
18.52 20.65 20.02 18.28 17.56 


Ash 

















(0) (a) (2) 
Sieve analysis Over 5 mm 
Over 3 mm 
Over 2 mm 
Bclow2 mm 
B. B.F. Coke 
Micum Iadex (+40) mm 
M,, ( -10) mu 
Chemical Analysis Ash 
VM 
FC 
Moisture 
6. 025 
A. Cval blend charged to coke oven 
Chemical Analysis Moisture 
VM 
FC 
Ash 
Sieve analysis (--3.0) mm 
B. B.F. Coke , 
Micum Index (+40) min 
M,,(—-1 0) mm 
Chemical analysis Ash 
VM 
FC 
Moisture 


16. A comparison of quality parameters of (a) 
blended coking coal charged to coke ovens, (b) 
BF coke achieved from coke ovens and (c) Mis 
values of BF coke produced at unit 010 and unit 
020 is presented in Figs. 3.4 and 5 to judge (a) 
coking coal qualities supplied by CIL and (b) Pre- 
paration and carbonisation technique and its efficiencies 
at unit 010 and 020. 


It is evident from Table 17 that coking coal 
quality supplied by CIL to steel plants needs up- 
gradation of its quality particularly Ash content 
(%) at the coal washeries of CIL for proper func- 
tioning of blast furnaces with BF coke produced at 
coke ovens and fed to blast furnaces of the steel 
plants. The deteriorations in quality of coking coal 
even with the use of improved coking coal to the 
extent of 20% in the blended charge to coke oven 
during 1982-83 to 1986-87 have resulted in the 
following effects : 


1. B.F. Coke Ash content is 22% to 29% 
against DPR norm of 18-22%. This 
affects the blast furnace productivity by 
producing more slag (Ref. Table 6 show- 
ing actual slag generation scenario). 


2. My value of the coke produced is 12— 
16% compared to DPR norm of 8-10% 





(3) (4) (5) (6) (7) 
9.28 10.60 10.00 12.00 11.85 
14.25 14.40 13.80 14.40 14.0 
62.68 62.60 63.50 60.60 61.24 
13.79 12.40 12.70 13.00 12.01 
84.60 83.50 82.40 80.50 79.30 
9.90 11.20 11.80 11.40 12.20 
24.20 26.80 25.80 23.80 23.20 
0.70 0.80 0.90 0.70 0.80 
75.10 . 712.40 73.30 75,50 76.00 
5.70 6.70 6.40 6.60 6.90 
4.32 4.23 4.66 5.21 5.92 
24.46. 23.95 24.55 25.14 25.18 
52.62 53.83 53.14 52.82 54.01 
21.92 22.22 22.3! 22.04 20.81 
75.19 78.15 79.55 80.81 81.04 
73.83 74.22 72.48 74.13 75.00 
1.7.69 17.35 18.04 17.67 15.76 
28.18 28.43 28.52 28.49 27.15 
¥.22 1.09 1.32 1.17 1.20 
70.60 70.47 70.16 70,34 70.70 


8.12 


3. Carbonisation rates at coke oven batteries 
have reduced to 19-22 mmjhr. compared 
to DPR norm of 23-25 mmjhr. 


4. The crushing index of coal is 73-80% 
(—3 mm) against DPR norm of 80% 
(—3 mm). 


The above has necessitated the preparation and 
carbonisation technique of coking coal to be deve- 
loped indigenously to compeansate the poor quality 
of Indian coking coal. The use of imported coking 
coal in the absence of proper bedding and blending 
is a partial solution in which full benefits could not 
be accrued in the past. Bureau would, therefore, 
recommend vigorous R&D effort, keeping the 
future scenario in view, against the deteriorating 
coking coal quality, for improvement in produc- 
tivity at blast furnaces as well as energy efficiencies. 
CIL should simultaneously improve its supply of 
coking coal’s quality to steel plants as per SAIL’s 
quality requirements as presented in Table 18, even 
at the cost of producing more Middlings at its 
washeries. Middlings can be profitably utilised in 
the fluidized bed boilers to generate captive clec- 
trical power by CIL for its use at washeries and 
mines. This profitable use of middlings may more 
or Icss off-set the higher cost of washed coal due 
io higher gencration of middlings. 


ASH (%/,) IN BLENDED CHARGE TO COKE OVEN 


s! 


TIME TREND OF ASH (%) IN. BLEN COAL (UNIT 020 WS-A-vIS5_O10) 
CHARGE TO DEN PGE OVEN PLANT 


WA 
MAX.™(UNIT-020) 
LIMIT I 
a LIMIT 
LIMIT 
7” LIMIT 
UNIT O10 
a, 
MiIN.™ (UNIT-O020) aS 
[}- zone oF openarion 
wo 
Sass eet $4/e5 85/86 96/87 
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TIME TREND OF ASH (Z)IN BF COKE 









6 UNIT 020 VIS-A-vIS O10 
x MAX" (020) 
21 
Se 25 
£ 
= 
rr 
q 
es 
Min™ 
MIN™ 
OF UNIT 020 ou 
2! CG) ZONE OF OPERATION OF 
UNIT 020 
© 
62/9 o3/e4 rm 65/66 e6/87 
YEAR 
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TIME TRENO OF My VALUE(%)OF BF COKE. 


UNIT-020 VIS-A-vIS 010 






MAX .™ 
UNIT-O20 







15 
15 
1H MIN.” OF | 
UNIT -020 
. UNIT-O10 
9 
ZONE OF OPERATION OF UNIT~020 
2 82/93  -93/a4 4/85 85/e6 86/97 


YEAR 
FIG-5 
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Projections for Quality Param?ters of Coking Coal Required by SARL Plants 
(in Millionronnes) 


1999 -200) 
25: 35:10:30 


Upro 1994-95 
35 :35:10:20 


Bund P:M:B: 1] 


A. Ash Content 


1. For prime coal (P) washeries from Dugda-I & [1. Bhojudih 20.5 —-0.5% 20.040.5% 

Patherdih. Lodn?, DSP. 
2. For prime coal washeries from Sudamdih. Mceonidih 19.5+0.5% 18.0H-0.5% 
3. For prime coal washeries from Pootki and Madhubanil 17.54+0.5% 17.0-40.5% 
4. For medium coal (M) washeries 18.040.5% 17.52-0.5% 
5. Forsemi-coking coal washeries 18.540.5% 17.040.5% 
6. For Assam Cea! 9°% max. 9% max. 
7. Ash % in all new washeries to be set up from now onwards. 

would be 17% max.. for both prime as well as medium coal. 

Also efforts will be made to reduce Ash % in the existing 

washeries. In view of the above from 1989-90 onwards the 

following average Ash°% ticures are being assumed : 

Prime (P) Medium (M) Blendabl e (B) 
(incl. Assam) 
P M B 
20.5% 18.5% 16.0% 19.0% 17.5% 15.0% 

8. Weighted average of ash content of indigenous coal 18.93% 17.70% 
9. Taking ash content of imported (1 coal as 10°% the blend ash 

will be 17.15% 15.39% 


8. The Coking Properties of all cuking coals will con- from grid and self-generation of — electrical power 


form to the accepted norms laid down by C.F.R.I. 


Electrical Power from Grid vis-a-vis Specific Energy 
Consumption 
electrical 


17, The quantitative supply of power 


by steel plants for the five years upto 1986-87 can 
be observed from Table 16 in Chapter 3. Projected 
plants for the years 1989-90 to 1994-95 may be 
power requirements from state grids for SATL 
observed from Table 19. 


TABLE - 19A 


Projected Power réquirements from Public Utility Servicesin MW for unit 020 


1994.95 














1989-90 1999-2000 
Sl. Unit Code Total Availabi- Required Total Availabi- Required- Total Availabi- Required Concer- 
Ne. require- lityfrom from require- lityfrom from require- lityfrom from ned 
ments internal Public ments internal Public merts mternal = Public Public 
genera- utility genera- utility genera- _utility utility 
tion services tion services tion services services 
1. 022 266 55 211 280 77 203 314 8&8 226 MPEB/ 
(100) = (20.68) = (79.32) (100) (27.5) (72.5) (100) = (28.03) = (71.97) NTPC 
2. 024 229 110 119 261 174 87 387 198 189 OSEB/ 
(100) = (48.03) = (51.97) (100) (66.67) (33.33) (100) (51.16) = (48.84) NTPC 
3. 021 460 18] 505 211) 552 242 
4. 023 55 78 328 88 98 + 348 112 112 422 DVC/ 
5. 025 43 12) 64 42) 120 48} NTPC 
6. 030 41 42 — 40 — 
; (100) (45.24, (54.76) (100) = (50.21) (47.77) (100) (48.97) (51.21) 
7. 040 ‘ ‘ 7 a 13 — 13 13 — 13 INEB 
(100) (100) (100) (100) (100) (100) 
8. 020 1101 436 665 1253 602 651 1538 688 850 
(100) (39.6) (60.4) (100) (48.04) (51.96) (100) = (44. 7)) (55.3) 





Figures in the parenthesis represent percentage to total requirement of Electrical power. 
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Unit Code : 010 

















TABLE 19B 
1, Unit Year Total Requirement of Captive Generation Purchased Power 
=a Power (MWH) MW from DVC & BSEB 
010 1988/89 146 77 —102 44-69 
1987/99 156 TT— 102 54-79 
1990/91 170 102—132 38 -68 
232 


1971/92 





162-177 55— 70 





_ The plants-wise dependence on state grid power 
is evident from the above Table 19, Bhilai plant 
depends to the extent of 79.3% of its power supply 
from state grid. SAIL as a whole depends on state 
grid supply to the extent of 60%. This depend- 
ence of power requirement from state grids to 
SAIL plants has not been fulfilled in . the past by 
public utility services in respect of its quantitative 
supply of power. Apart from quantitative restriction 
imposed on steel plants, the quality of power 


supply was far from satisfactory. Abrupt load 
shedding|voltage and frequency dips have affected 
the steel plants not only. for production loss -but 


also causing higher specific power cunsumption. due 
to frequent off-and-on condition on driving motors 
and equipment consuming electric power. The loss 
of production due to non-availability of . power 
supply from state grids upto 1987-88 may . be 
observed from Table 20. 


TABLE-.20 
Loss of Production of Saleable Steel Due to Power Restrictions by the Public Utilities 


(In °000 Tonnes) 





S. No, Plant 1980-81 





























PI 188 __ 1981-82 "7982-83 1983-84 1984-85. 1985-86 1986-87 1987-88 
© @ eer SR) @) O © ) @) ©) 
1, 022 134.0 134 8 36.5 23.0 13.73 2.92 Nil 10 24 
2. 023 250.2 46.4 55.6 67.4 271 44 66 99.33 29 it 
3. 024 96.7 40.1 238.3 255.8 198 28 313 30 17196 49 63 
4, 021 319.3 60.5 99.5 204 3 98 81 90 32 262 66 92 32 
5. 010 18.3 2.1 12.7 16.1, 86 89 2.52 3.05 4.37 
TOTAL 818.5 283 9 443,10 566.6 37481 454.22 53749 «185 57. 














‘To minimise the loss of production as evident from 
above Table, unit|020 has planned to reduce the de- 
pendence on grid power to 52% in the year 1994-95 
from its present dependence of 60% of electrical 
power from state grid (Ref. Table 19). At the same 
time, SAIL is also planning to improve upon its past 





performances (Ref. Tables 15 and 16, Chapter 3) 
of the existing installed capacities of captive power 
generation. The existing installed capacities of steam 
and power generaticn at unit!020 plants may be ob- 
served from Table 21. 


TABLE 21 











oe ee ee 


Unit 020 











« a a se ee 








Parameter TG No. TG 
se ele i ee et Ag ee) ATG Total 
Enthalpy Pressure Temp. Enthaply of Each Cap. 
Keal/ke (Ata) Keal)Kg. MW MW 
7954. 37. 445 ~ «793.6 3xl22sti(‘«‘«‘ 
811.26 60 485 808.8 2x30 TA 
1x14 
830.3 90 535 830 ree 122 
x 
830.3 90 535 830 3x60 180 
808.8 57 475 804 — 128 
x 
831.4 90 535 830 2x60 120 
775.7 33 399 770 4x5 20 
824.3 90 525 824 2x60 120 
2x10 20 
2x20 40 


Details of Installed Steam and Power Facilities in 
Sl. Plant ae Steam Generation. name 
No. eg tere ern eg ee ee eee ee 
No. Capa- Total SHO Parameter 
city Cap.—--—+--—— — 
T/hr. T/hr. Pressure Temp. 
(Ata) 
1022 «I 5 150 750 40 450 
It 3 150 450 66 492 
2. 021 I 5 220 1100 100 540 
Wl 3 260 780 100 540 
3. 024 I 6 150 900 60 485 
I 2 280 560 96 540 
4. 023 I 6 68 408 35 413 
Ul 2 260 520 100 530 
5. 025 7 27 189 27 399 
5 54 270 
2 91 182 
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The above existing installed capacity together with 
the planned expansion of captive power generation 
at SAIL p/‘ants will provide some relief to power 
cut, load sheddings etc. from state grid. It is good 
to ‘be less dependent on grid-supply but economic 
consideration demands that not exceeding about 
60% requirement of power should be generated by 
steel plants based on (a) process steam requirements 
and (b) taking advantage of co-generation principle 
of electrical power and steara required for a given 
system. Beyond this limit power generations may: not 
be economical due to lower scale of operations and 
consequently ‘ower efficiency of power generation at 
Stee! plants (Ref. Table in Chapter 3). Higher capa- 
city utilisation and consequently lower pecific energy 
conumption from public sector steel plants cannot be 
exnected to be fulfilled if the state electricity boards 
(SEBs) fail to comply with their obligations to supply 
required quantity and quality of power to steel plants 
as identified in Table 22. 


ments. The effect of this is, however, very difficult 


to quantify. One effect, however, is an acceptable 
fact that restricted and irregular power supply in- 
creases the specific electrical energy consumption 
apart from losses of production. An attempt is being 
made to analyse 1nd quantify the effect of restricted 
and irregular power supply on specific energy consum- 
ption per tonne of saleable steel produced by diffe- 
rent units. The quantified saving, per tonne of sale- 
able steel therefore, will be the difference between 
the actual electrical power consumption per tonne of 
saleable steel vis-a-vis the specific power consuinp- 
tion at no loss condition, i.e. when the power supply 
is not restricted and steady power supply condition 
exists. This is achieved by (a) plotting the curve of 
actual specific electrical energy consumption (y-axis) 
against actual loss of production (x-axis), (b) ob- 


Loss of Production vis-a-vis specific energy consump- taining the best fitted equation and (c) extrapolating 


tion 
18. Restricted and irregular power supply have 
many ill effects including damages to costly equip- 


the best fitted equation to ‘O’ loss of production, i.e. 
obtaining the intercept value of y when x—O. The 
result of the analysis, is presented in Table 22. 


TABLE—22 


_tnprovemnt in eneiey consumotion per tonné % Séleaile Steel my pprivrovements t in state grid supply as Electrical power 





SI. No. 














ont 





024 


023 


025 


Total 


Item Year 022 

(0) (1) (2) (3) (a) (5) © (7) (8) 
1. (a) Actual Production of Saleable Steel 1982-83 (a) 1838 1527 992 813 500 5672 
(000 T/A) (b) 752064 976770 739500 336794 266166 3091494 

(c) 409 18 652 04 745 46 414 26 532 33 545 04 

(b) Actual Electric Power Consumption 1983-84 (a) 1574 1288 862 602 444 4770 
in MMH7A (b) 834624 1049657 721500 329925 256778 3192484 

(c) 530 26 814 75 837 OI 548 OS 578 33 669.28 

(c) Actual Slectrical Power Consumption 1984-85 (a) 1810 1457 1013 621 380 5283 
in KWH/I of saleable steel (b) 1014586 1135524 768100 317006 247301 3482517 

(c) 560 54 778 27 758 24 510 48 650 77 659 199 

1985-86 (a) 2055 1721 1005 723 500 6004 

(b) 1215966 = 1182583 747679 348503 263548 3758384 

(c) 591.71 687 16 743 96 46217 527.10 625.78 

1986-87 (a) 2150 1745 ~ 1140 “T51 526 6312 

(b) 1283360 1140178 748110 354553 = 262435 = 33788736 

(c) 596.91 65340 65624 472.24 498.73 600.24 

2. (a) Actual Loss of production of 1982-83 36 50 339.50 238 30 55 60 12.70 442.60 
saleable steel due to restricted and 1983-84 23 00 204 30 255 80 67.40 16.10 568 60 
irregular power supply from state 1984-85 13.73 98 &1 198 28 27.10 36.87 374 81 

Grid (‘000 T/A) 1985-86 2.92 90 32 313 30 44 66 2.52 453.72 
1986-87 0.00 262 65 171.96 99.23 3.05 536 99 

3. (a) Production that would have been 1982-83 1874 50 1628.50 1230 30 868 60 512.70 6114.60 
achieved at ‘0’ Loss due to irregular 1983-84 1597 00 «1492 30 1117.80 660 40 460.10 5336 60 

and restricted power supply 1984-85 1823.73 1557.81 1211.28 648 10 416.89 5657.81 
1985-86 2057.72 1811.32 1318 30 167 66 502.52 6457.72 

1986-87 2150.00 2007.65 1311.96 850. 33 529.05 6848.99 

4. (a) Electric Power consumption of 1986-87 560.0 638.0 620.0 408.0 493.0 





saleable steel at ‘0’ Loss due to 
irregular power. 


nna a 











TN: ee eee a: eee @ 4 oy  O OM 
. (a) Saving of electrical power of 1986-87 37 15 36 64 6 159 
saleable steel in KWH/T 
6, (a) Total saving at reduction with ‘0’ 1986-87 79360 30912 47541 54626 3135 9.215574 
Loss in MWH 
(b) Electric Tarrif rate (Rs. /MWH) 1986-87 804 620 {014 749 595 hd 
(c) Savings in cost (Rs. in lakhs ) 1986-87 638 192 482 409 22 1743 




















Electric power consumption per tonne of saleable steel at ‘0’ loss has been obtained by plotting sp. Elec. consumption against loss 
of production and extrapolating the valuc of sp. Elec. consumptioa to ‘0’ loss i.e. intercept of regressed equation men loss of production 
equal to zero. 

Since frequency of load shedding, its durations in each 


Table (22), however, takes into cognisance of the 
direct effect of non-availability of electrical power 
and, its effect on specific power consumption. In prac- 
tice, due to load shedding, voltage dip, the specific 


case are not known, an estimated reduction of 10 per 
cent in specific power consumption due to these fac- 
tors has been made. The improvement under this 


power consumption increases by 15 to 20 per cent. condition is shown in Table 23, 


TABLE 23 


Improvment in Energy Consumption per Tonne of Saleable by Improvments in State Grid Supply 
Quality of Electrical Power 


























S.No Items Year 022 021 024 023 025 Total 
1 2 3 4 5 6 7 8 
(a) Actua] Production of 1982-83 (a) 1838 1529 992 813 5¢0 3672 
Saleable Stee! '000) T/1) (b) 752064 996970 739500 336794 266166 3091494 
(c) 40418 652 04 143,46 414.26 532.33 545.04 
1. (b) Actual Electrical Power 1983-84 (a) 1574 1288 862 602 444 4770 
Consumption in MWH/A (b) 834624 1049657 721 500 329925 256778 3192484 
(c) 530 26 814.95 837.01 548.05 578.33 669.28 
(c) Actual Electrica] Power 1984-85 (a) 1810 1439 1013 62) 380 283 
Comsym>otionin KWH/T (b) 1014586 1135524 768100 317006 247201 3482517 
of Salcable Steel (c) 560 54 778 29 7158 24 510 48 650 79 659.19 
1985-85 (a) 2055 1271 1005 7123 500 6004 
(b) 1215966 1182583 747679 348€08 263548 3758784 
¢>) 591-71 687 15 743 96 482 17 527 10 625 98 
1986-87 (a) 2150 1745 1140 75) 524 6312 
(5) 1283360 11401 78 748110 354653 2€2435 3788736 
(c) 596.91 653.40 656 24 472, 24 498.93 600.2 
2. (a) ActualLossof Production 1982-83 36 50 99 50 238 30 55 60 12 70 442 €0 
df Saleable Stee] Duc t0 1983-84 23 00 204 30 255 80 67.40 1610 5€6 €0 
Restrict: d and Irr gular 1984.85 13 73 98 81 198 28 2710 36 89 37481 
Power Supply from State 1985-86 2 92 90 32 313 30 44 66 2 52 45372 
Grid (’000) T,A) 1986-87 0 00 262 65 171 96 99,33 3.05 536.99 
3. (a) Production that would 1982-83 1874 50 1628 50 1230 30 868 60 512.70 6114 €0 
have beenechi-ved at/0° 1983-84) 1597 00 1492 30 1117 80 6€9 40 460 10 5336 €0 
loss dus to Jrr: gulerand 1984.85 1823 73 1557. 1 121] 28 648 10 416 89 5€57,8 
restricted power supply 1985-86 2057 12 1811 32 1318 30 767 66 502 52 €457 72 
1986-87 2150 00 2007. 65 1311 96 $50.33 329 05 6848 99 
4, (a) Actual Blec. Power 1986-87 576,91 653,00 656.24 472.24 498.93 600 24 
Cons mptionyT of Saleable 
Stecl ' 
5. (4) Conserviative Estimate 1986-87 60 65 66 47 50 60) 
£o0f10 Ysaving onactual 
KWH/T ofSaleable Steel 
6, (a) Totalsaving atProauction 1986-87 128336 131179 86096 40516 9639 412163 
with 0’in KWH 
(b) Electric Tarrif rate 1986-87 804 620 yO14 747 693 
"1986-87 1032 873 $73 301 183 3022 


(c) Savings in cost (Rw. in 
aks) 
SS 


Reference the BICP Energy Audit studies (1988) on Admission. 


en ee ee 











19, The summary of the achievable annual sav- 
ings with the required investments by means of (1) 
operational optimisation, (2) retrofit technology| 
equipment improvements, (3) upgradation of techno- 
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logy of manufacture and (4) improvements of quality 
and quantity supply of coal and electrical power from 
infrastructure has been presented in Table 24 show- 
ing cost-benefit relationships :— 


TABLE—24 


Total Scenario of Investment Cost Vis-a-Vis yearly benefits of Energy Conservation measures (Unit Rs. lakhs) 



































S.No. _ Indentified Possibilities of Energy ~ One time Investment Yearly Saving (Benefits) _ Benefits 
Conservation at — Ratio 
(1986-87) Price level (1986-87) Price level Cost 
010 020 010 020 010 020 
1. OPERATIONAL OPTIMISATION Vr ks foe 
(a) 10% higher Capacity Utilisation at 
(i) Blast furnace 200 800 1213 5827 6,06 7.28 
Gi) Open hearth furnace (2.5) 1.53) 709 .96 2293 .04 3.55 2.86 
SUB-TOTAL (+i) 1922.96 8120.04 9.61 = 
(33 .06) (22.88) 10.14 
(b) Improvement in raw materials quality 200 1,800 242.50 2926.55 1.21 1.63 
by generating 10% less slag (2.5) (3.4) (4.17) (8.25) 
(c) Proper Instrumentation and Control 100 2,000 150 2,000 1.5 1.0 
(1.25) (3.8) (2.58) (5.6) 
(d) Short term investment for (a), (b), (¢) $00 4,00 500 4,500 1.0 0.98 
(investment limit upto Rs. 10 lakhs) (6.25) (8.8) (8.59) (12.67) 
2. Retrofit Technology 2,000 8,000 1,200 4,000) 0.6 0.5 
investment (Rs.. 10—50 lakhs) (25) (15,3) (20.6) (11.27) 
3, Upgradation of Technology by modernisation 5,000 35,000 1,800 9,000 0.36 0.26 
(investment above Rs. 50 lakhs) (62.5) (67) (30.95) (25.36) 
4, Improvement of state grid supply of NA NA NA 4,945 NA NA 
Electrical power (13.93) 
5. Total © 8,000 52,200 5,815.46. 35,491.49. °=«°°°~OOCOT 
Ail Investment figures are on estimated basis. ie, 
Figures in the paranthesis represent percentage to total in col. 5. 
20. If the basic objectives are (a) that reduction long-term—in that order and in suitable 


of energy cost ultimately must reduce the cost of 
production and, therefore, should not be achieved by 
an investment in which financial servicing cost will 
increase the cost of production even when energy 
cost has been reduced and (b) that finance or capital 
investments is a scarce resource of che country and as 
such its applications must be most judicious, then 
Table 4 provides impurtant information on strategy 
if investment plannings and these are as follows :— 


1. Increased capacity utilisation, improvement 
of raw materials quality and proper instru- 
mentation of process control need marginal 
investments and savings (benefits) are cun- 
siderably high, compated to equipment im- 
provements and upgradation of technology 
by modernisation. ; 


2. Modernisation at high investment cost with- 
out achieving operational optimisation and 
improvement in infrastructural support 
(electricity, transport, proper quality cok- 
ing coal) docs not lead to improvement of 
overall economy of the steel industry. 


3. There should be sequential prioratisation 
of investment (i.e. short term, medium term, 





combination of the types of investment as 
a package) so that maximum bencfit is first 
derived out of the minimum investment. 
Larger investments should be undertake’ 
only after achieving the success of ti 
lower investments. This will make all en 
tgy saving investments self-financing. Fo. 
this purpose, coordinated investment plan- 
ning is required, 


4. It will be seen from Table 24 that _ short- 
term investment of Rs. 51 crores may gene~ 
rate yearly benefit (saving) of Rs. 50 cro- 
res and medium term investment of Rs. 100 
crores may generate yearly benefit of Rs. 52 
crores. Payback period in both the cases— 
both individually and taken together—is 
attractive and this is also an area wher 
dependence of external infrastructural su 
port on account of electricity, transport e1 
may not present itself as a deterrent. 


To justify and strengthen the above contention fur- 
ther, the experience of Japanese Steel Industry (NSC) 
may be cited as presented in Table 25. 


89 























TABLE—25 
Energy efficiency measures adopted by Nippon Steel Corpn. (Japan) during 1974-1980 
~ Sr. : Items aca --" YEARS Remarks 
No. = tt pn te 
1974 1975 1976 1977 1978 1979 1980 
_ ere oe eens 2 3 4 5 6 Se . 8 : 9 
A Crude steel production (Million Tonnes) 37.4 32.8 35.0 . 32.3 32.7 34.3 32.4 
2. Investments in energy saving projects 50.0 24.8 38.7 36.9 77.7 65.4 123 
(Million US Dollars) 
3. Total energy saving % 1.9 3.2 1.5 1.2 3.1 1.7 0.3 
Operational improvement as % to total 95 63 20 17 5} 42 NA 
energy saving in col. 3. 
5. Energy saving equipment — 11 61 63 25 NA NA 
(Retrofit) 
(% of total) 
6. Modernisation of equipment 5 26 19 20 24 NA NA 
(% of total) 














Source: World Bank Technical Paper No. 22 on Energy Efficiency in Steel Industry. 
The above justifies the contention that modernisation needs to be introduced at the appropriate time after achieving other 
means of improvements at a lower investment cost, thereby stabilising the process of improvements and achieving fowci 
cost of production and thereafter accelerating the same by modernisation at higher investment cost whose financial servic oy 
cost would not be able to increase cost of production while achieving the saving on energy cost. 


CHAPTER 6 


POLICIES AND PROGRAMMES OF ENERGY 
CONSERVATION 


1. There is no gain-saying the fact that energy is 
scarce and costly and energy constitutes about one 
third of the cost of saleable steel per tonne. It is also 
an established fact that considerable production losses 
occur and plant capacities remam substantially under 
utilised due to non-availability of energy in a regular 
flow both in quality and quantity. The third reality 
is that the primary source of energy for iron and steel 
making in India (i.e. coking coal) which is in good 
supply but largely in poor quality (high ash content) 
can not be washed away in preference to superior alter- 
natives which are not readily available in the requir- 
ed volumes (hydro-carbons, natural gas) indigenous- 
ly and, therefore, steel production planning or at least 
the next 10 years has to a large measure depend upon 
Indian coal. The fourth reality is that Indian steel over 
the years has become very costly with its adverse 
cascading effect spread over virtually the entire eco- 
nomic activity and this retardation calls or an urgent 
halt with a multi lateral plan of action to reduce 
costs and prices towards the goal of international 
cost and quality competitiveness. In the enterprise. of 
cost reduction, the fifth reality is that energy being 
a major constituent of steel cost, all possible ways and 
means within the available resources and _ pervaling 
constraints must be explored to eliminate wastages, 
reduce losses and upgrade availability and utilisation 
of energy. It may be worthwhile to keep constantly in 
focus that energy saved is energy produced or self 
use. This should be the context for formulating puli- 
cies and programmes of energy conservation. 


2. India is endowed with large deposits of (a) iron 
ore, (b) coking coal, (c) limestone and other fluxing 
materials required or steel making. The assessed re- 
sources for these materials could be seen from Tables 
1 and 2 represented below:— 


TABLE—-1 
Si Items Receives’ in Current level of 
No. Mill. Tonnes consumpticn/ 
Million 
tonnes/a nnuin 
7 ? 2 3 
Ww iron ¢ (He srtatited): 11469. 
(2) fron Ore (Magnititc) 6096 20 
(3) Limestone 7389 6.5 
(4) Dolomite 2049 2.7 
(5) Manganese Ore 80 0.7 
(6) Coking Coal (Primc 
Modiuarend semi} 24.83 i6 
, Source: SAIL oe ee ae 
TABLE-—-2 


Coking Coal Reserve as Estimated by CMPDIL in 1983 
_ Unit-Million Tonnes 








St. ~ Ttems: Assessed coal 
No. resources upio 
dept of 1200 m 
a ence een eo eee es bc ite es 
“a aprine Coking 5397 
(2) Medium Coking 
(a) High Volatile 2764 
(bo) Medium Volatile 3752 
(c) Low Volatile 11234 
(3) Semi Coking 3890 
(4) Total 25037 


Bois ce: ‘Coal for Stee! making’ from R. G. Mahendru Presented 
at Rouna Table on Steel Industry, 18-19 Febiuary, 
1985. 


‘The demand and availability of coking coal as 
projected by Planning Commission earlier is aaa 
ed in Table 3. 
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TBALE—3 
Demand vis-a-vis Availability of Coking Coal 


(in million (ornes) 
1985-85 «1986-87 —-1987-88 «1988-89 ~=—»«-1989-90 1984-85 























1999. 
2.000 

See ia et a ee eee ee 

Demant i. 4 Mdm oS REA 9.40 10.40 11.04 11,86 13.01 14.81 18.14 

Availability : 

-~Existing Washeries fines eg 807.-- 9.00 9,33 937 9.50 9.67 9 67 
— Washer’es tnder construction . : bs fi a ia 
— Propcsed wacheries. : . “3 es af: 0.95 © 1.89 5 16 8.53 
~DiectFed 2... 1.0! 1.04 1.08 1.06 ‘1.06 : 

Total ba «mas Gt 4 9.08 10.04 - 10.41 1.38 0°14 14.83 “18.20 
Medium Coking Ceal ; : = oo ee 
Demand : .- 0. ee . 6,82 7.46 8.36 9.08 946 12-04 1534 
Availability : : ‘ 
~Exsting Wasteries. =. ss S92 617° 6.17 6.21 - 6.3I G 18 5 18 
~. Wash ries uncer construction. . oo 0.23 1.17 2.19 2.69 3.36 3.30 3.36 
-«- Prosposed waste ries é hoa ta. s% 3 wh * 0.30 2.68 5.88 
—DitectFed . 2... 0.68 0.92 1.05 | 0.95 © 0.80 . - 

Total 7 (6.83 . 8.26 . 9.41 985 1077 1222 15.42, 
_ Semi Coking Coal ; a ear . ‘ : 

Demand . : ‘ . ’ . 1,22 1.31 1.35) . 4,40 “1:45 2.02 2.75 
_ Avatlability a : cae: Doe 

=Washeries underconstruction . | at + ee 0.20 0 36 0 36 

—Presposed washeries ae ee : * = 0.47 0,56 0.76 1.41 
—DirectFeed 2... wl, 0,80 0 83 0 98 1.00. - 1.13: 

F ; z = a it ——aeeny 
——Direct Feed. fas : . © 9-80 DBS O:98 1.00 1.13 1.00 1,00 

Total. ; : . : . 0.80 3,83 0.98 1,67 2.05 2.12 2.77 
' Total Coking Coa! . ore Se 
Demand . : i 4, : 17 44 *° 19.17-° ©... 20 75 22.34 23 32 28.87 36.20 © 
Availability 2 2. wl, 16.71 19.13- = 20 80 22 90 25.27 29.17 (36.93 

3. Tables 1 & 2 show the estimated reserves. of The not-very satisfactory position of ‘usable’ te- 
raw material, the current levels of annual consumption serves. all the more necessary that the total strategy 
in million tonnes. If the raw materials are estimated, for increasing productivity and. reducing costs incor- 


the reserves will be found much less duration of pro- 


porates energy conservation as a major ‘thrust’ acti- 
duction will also get much reduced, as could be. a ' ae 

















Table 3-A, - 
7 A t TABLE-—-4 
TABLE—3-A P ; : : 
j Per Capita Consumption of Steel in India vis-a-vis Other 
Available raw materials suitable for integrated steel plant: ; . . Countries ; 
cone ane a rr ee (Unit: Kg.ofe-u ‘estoy 
Raw material ‘Estimated Duration of i ee eecg ee ea gre eh are pe ete ge IS! 
reserve million from knowa - ei aye ae Consump-ion of St-cf in 
tons : approximat Ma POR Se RRS Saas eee eee ty eae va 
ge cin pug ea ae! Bg ina is «(1972 «1976 198019831986 
Tron ore 20,000 109 vaars © 1 ne VEE Ea a pe Gage 2 oF ‘ 
Manganese ore (Market- 60 $0 yzar Sa a en am a 
able grade) eae (1) Germany 648 593, 549g 
(FRG) 
Coaking Coal (washed) 1,600 35 years (2) France 471 | 445 325 276 =254 
Flux limestone 100 1S years (3) Italy 379, 387) 488 320 3581 
(upto 6% insolubles) (4) U.K. 411 378 247 249-252 
pian eee oe ee a ee a ee ry ear ee 5) Turkz 55 94 3 
Source: The Fourth Sir M. Visvesvaraya Lectur deliverce at ed : ye 70 99 


the 41 Convestion, Bombay, on Feb. 4, 1961 by (6) Hungary 31400 3240 330 328322 
Dr, M.N. Dastur. : : _ (7) Canada 588 543 541 48-493 


SS — en 





(8) USA 663 604 508 404 399 
(9) Brazil 78 98 132 62 101 
(10) China 33 32 45 50 70 
(11) Japan 643 534 629 549 578 
(12) South Korea 54 151 178 381 254 
(13) India 16 13 16 17 19 


4. Except coking coal all other input materials are 
moderately of good quality. Iron ore quality (lump 
ore) available from Bailadila Mines of NMDC is one 
of the best quality of Iron ore found in the world. 
This advantage of raw material availability with the 
required quality provides India with an unique oppor- 
tunity for rapid progress in the steel industry. Apart 
from raw materials advantages, India has got a good 
base, compared to other developing countries, for 
manufacturing capital goods (Plant/Machinery) and 
for design capabilities which can be utilised in a plan- 
ned manner. India has also highly skilled manpower 
(third position in the world) who, given the proper 
environment, can perform the job much better than 
many advanced countrics of the world. All these fac- 
tors show the potential, India has in the steel sector. 
This potential needs to be harnessed to bring up the 
efficiency of operations to the required level to reach 
the goals of meeting the domestic demands of quality 
steel at reasonable rates (lower than the present rates) 
and increasing the per capita consumption of steel 
in India. Table 4 shows the per capita grossly low 
consumption levels from 1972 to 1986 and this re- 
flects on pace of Indian industrial development. 


5. The source of energy for steel making are (i) 
energy bearing raw materials which is coal (both cok- 
ing and non-coking), (ii) clectrical energy from power 
plants (both captive and purchased from State grid 
supplies), (iii) hydro carbons and (iv) natural gas. In 
the current regime of encrgy conservation exescise, 
emphasis is primarily to be placed on the first ‘two 
sources of energy. e other two sources remain as 
options at this stage for adoption when ecoomic analy- 
sis justifies. In relation to the source (i) above, the 
main issues are excessive use of coking coal and at 
a very high cost per tonne of steel due to high ash 
content in the coking coal. The thrust here is on how 
to reduce the ash content in coking coal and increase 
the coke rate for BF operations. In relation to the 
source (ii) the main issues are unsteady supply of 
quality electrical enctzy and at a high cost. The 
thrust here is on how to ensure steady and uninter- 





SL 
No. Item Plant 


Durgapur 
Rourkela 
Bokaro 
TISCO 
Sco 











= (1) £ of imported coking coal used in blend. 





rupted supply of quality energy. Besides these two 
thrust areas, the other two thrust areas are (a) eli- 
minatingjreducing the ioss of energy through leakages 
and (b) reducing slag generation in BF, because, be- 
sides lowerig productivity slag accounts or higher 
energy consumption which is infructuous. In the con- 
text of slag generation, which is very high in Indian 
steel plants as compared to international achievements 
as will be shown later in this Chapter, the essential 
aspect in regard to energy conservation in improve- 
ment of energy bearing (coking coal) and non-energy 
bearing (limestone, iron ore etc.) raw materials. The 
fifth thrust area is mczeasing capacity utilisation to 
reduce the incidence of energy cost per tonne of sale- 
able steel. 


_ 6. Policies and programmes of energy conservation 
in the integrated steef plants need to be formulated 
and meticulously impl'e:sented in relation to these 
five thrust areas, For implementation of the policies 
and programmes it is equally important that sufficient 
financial and structural autonomy is allowed to SAIL| 
integrated steel plants to operationalise the energy 
conservation projects. The energy saving projects ex- 
ecuted by the SAIL units during the five-year period 
ending March 1987 and the benefits derived there- 
from (Ref. Tables 10, 12, 14 in Chapter 5) show 
that-a lot more results wer« desirable. SAIL has since 
made a corporate plan extending upto 2000 AD for 
energy conservation as weil (Annex. 6]1) and if these 
projects materialise in time, reduction of energy con- 
sumption is expected to the extent of about 40 per 
cent vis-a-vis the present consumption level. How- 
ever, the primary focus should constantly be on the 
five thrust areas mentioned above, in view of the 
fact that the Indian steel plants consume twice or more 
energy compared to its courte parts elsewhere in the 
world and that the «nit cost of energy has increased 
at abonimal rates after the world oil crisis in 1973. 


7..The ‘thrust’ areas id -rtified in para 5 anfe are 
now proposed to be discuss«d in the following para- 
graphs with recommended course of action. 


7.1.1. Coking Coal 


The quality of coking coal supply to steel plants 
is not satisfactory (Ref. 17 Chapter 5). Looking into 
this problem, Government has restored to the import 
of good quality coking coal to the extent of 20 per 
cent of the requirement of coking coal at each irte- 
grated steel plants. The actual usage of imported cok- 
ing coal in the coal blend charged to coke oven need 
to be observed and hence presented in Table 5. 














TABLE 5 

82-83 83-84 84-85 85-86 86-87 
en © ce 3.71 9.62 
20.18 4.68 7.23 19.72 24.14 

5.08 1.26 1.96 15.11 15.41 

OU | eee 11.64 15.54 

. NU——-———— 8.04 

21.36 10.44 11.58 24.72 27.77 


Bhilai 


* NU—Not in use, 

















7.1.2 It would also »e of interest to observe sim- 
ultaneously the ex-wor's, cost (Rs./T). of the import- 
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ed coals vis-a-vis indizenous coal used by different 
plants. This is prese: ¢cd in Table 6. 


6 


Ex-works Cost (Rs./T) of Tedigenous and hieserted Cuking Coal duritig the Peried 1662-83 and 1986-87. 


Shoo, : 
No. Plants, Unit 


lL. Coking Coal Qinnerted) 


bio. Ret 
Durgapur Rs./T 
Rourkela _Rs/T 
Bokaro Rs./T 
USCO (Burstur) Rs./T 
TISCO Rs/T 

2. Coking Coal Iadigenous). . 

» Bailai Rs./T 
Durgapur Rs./T 
Rourkela Rs./T 
Bokaro Rs./T 
SCO (Burnpur) Rs /T 
TiSCO Rs./f 


..74.3,To judge the benefits derived from the use 
of imported coking. coal, it.would be of interest to 
observe the improvemenis in the ‘guality of BF Coké 
achieved by the. steel plants. ‘The relative’ performance: 


TABLE—7 


Prices it 
82-83 83-34 84,85 "85.86. 86-87 
1128 1085 1052 1044 1143 
1105 1108 1004 1062 - 
rIs9 oor 1068 1093 1185 
1187 985 “1139 1054 1087 
1005 
480 545: - 437 728 835 
355° 398 466 502 644 
449 469° 539 608 768 
386 432 510. 591 671 
401 417 ABO 575: 653 
429 430: 494 oH 78 


improvements by the ise of imported coking cual vis+ 
a-Vis its non-use, during a given period’ may be ob- 
served from Tab.ic 7 


Relative performance improvements by the use of imported” Coking Coal vis-a-vis its non-use by differcrt plants 


Si. 
No. Héms Plant 
(1) Usage (%,) of imported coking coal in Bhilai 


TISCO 
Durgepur 


ihe blended charge to coke oven. 


ralai 
TISCO 
Durg? pur 


(2) Cal. value of blended charge 
(K. cal Kg.) to coke oven 


(3) Calorific value of BE Coke (K. cal’ke) Bnilai 
TISCO 
Dureapur 
(4) Fixed Carbon Cortent (%) in BE Coke Bhika 
, TISCO 
Durganur 
(5) Strength of the BE Coke in M10 value Bhilai 
TISCO 
Durgapur. 


*NU.. Imported Coking Coal not uscd. 


Table 7 is self-revealing. ‘fhe improvement. achicv- 
ed by the Bhilai Steel Plant during 1982-83 to 
1984-85 by using imported coking. coal of _ different 
proportions is very marginal. Jn fact. TISCO-without 
using any imported coking coal during the same 


652 Infustry /89-—17 


32-83 9-84 84-85 85-86, 86-87 
“Tt 36 19.44 Tt 88" 24.72 97.77 
NU’ 1164 15,54 

NU 3.71 9.62 

6024 5387 592? 6900 6776 
6578 0560 6643 6670 6754 
6384 6330 6366 6429 6522 
5864 S719 5742 6130 6165 
5620 5668 56765 5764 | 5823, 
5180 5200) 5.100 5180 §826 
74.60 72.90 73.80 76.00 76.60 
72.92 73.73 75.14 76.41 78 27 
71.00 70.0 70.61 71.40 72.63 
12.50 14.50 13.90 12.20 11.280 
11.00 10.80 10.70 10.40 9.20 
15.30 17.30 17.70 15.20 12.90 


period have ach‘eved (a) better performances in res- 
pect of calorific value of the blend charge: to coke 
oven, (b) almost equal value of the calorific value 
of BF coke (c) better value in respect of fixed carbon 
percentages. and {d) better value of the strength (M- 
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10 values) of the coke compared to Bhilai Steel Plant 
using imported coking coal from 10.4 per cent to 
21.35 per cent during the period. 


At the same time, the improvements in blast fur- 
nace productivity and specific energy consumption date 
(Ref. Table 4 Chayter 5) do not show a significant 
positive trend to justify the use of imported coking 
coal in the manner in which it has been done. The 
decision to use imvorted coking coal to the extent of 
20 per cent in the blend in the absence of proper bed- 
ding and blending facilities at the integrated steel plants 
does not ensure full sclution of the problem since im- 
ported coking coal at the plant is much costlier as com- 
pared to Indian coking coal (Ref. Table 6 above). 
While import may continue for a few years, if cost 
benefit rates are favourable, action plan should be 
made by Government to beneficiate Indian coking 
coal and its quality improvement for use in stec! mak- 
ing, the required decisionlaction plan has to have 
three inputs in a coordinated manner. This coordina- 
tion should have as its basis the cost benefit analysis. 
These three inputs (for decision makinglaction plan) 
are beneficiation of coking coal, imported coking coal 
for percentage blend and bedding and blending facili- 
ties. A policy decisicn needs to be made whether 
washed Indian coals should be supplied bv coal com- 
panies or it should be made captive to steel plants. 
Coal India Limited (CIL) fines the operations of 
washeries unremunerative at the present level of:ad- 
ministered prices of coking coal, since 60 per cent of 
the input coking coal to coal washeries is only sale- 
able as washed coking coal to steel plants, the rest 
40 per cent middlings cuuid not be sold. These mid- 
dlings however cculd be used profitably either by the 
steel plants for steam generation at the boilers, pre- 
ferably in fluidised bed boilers or by CIL for genera- 
tion of captive thermal power at the washeries. The 
electrical power thus generated may be used for washe- 
ries and mines. Therefore, the beneficiation of coking 
coal before its use at the coke oven batteries could 
be better undertaten by the steel plants by control- 
ling the operation of coal washcries of CIL. This wilt 


Actual Iron Ore quality used by Integrated Steel Plants during 1982-83 to 1986-87. 


provide better management of coal quality as input to 
coke oven plant. Our low volatile coking coal resour- 
ces are limited. Larger use cf higher pruporticm of 
high volatile coals in the blend may, therefore, be 
desirable. The technology to blend poorly coking 
coals, at least to some extent, with the high quality 
coking coals should be explored, if not alrvady avatl- 
able. Petrograp'sic preparation to permit larger mrix- 
ture of non-coking coals in the blend can also im- 
prove matters considerably. 


7.2 Non-coking coal 


The quality of non-coking coal is deteriurating and 
will continue ‘o deteribratc in the coming years due 
to higher share of open cast mining (Ref. B{CP’s 
Coal Study of 1987). The only solution lies in the 
use of fluidised bed boilers for which BHEL has de- 
veloped the technology and, therefore, as and when 
boilers at steel plants are replaced, fluidised bed boi- 
lers should be instalied since fluidised bed  boilors 
allow high ash content coal to be used with higher 
boiler efficiency. Petrographic preparation of the coal 
blend for larger use of non-coking coals should im- 
prove matters. Appropriate Government policy en- 
couraging investments for the installation of fiuidised 
bed boilers should be made. 


7.3.4 Iron ore 


The quality of iron ore in respect of its Fe content, 
Silica (Sio,) content and Alumina (Ale Os) content 
has started deteriorating and need to be improved up- 
on by facilities for beneficiation and homogenisation. 
While good quality iron ore from Bailadila mines of 
NMDC is being exported, integrated steel plants con- 
tinue to receive inferior quality of iron ores from 
their captive n:ines, having no plant or machinery for 
benefications. The quality of iron ore received by inte- 
grated steel plants of SAIL anc TISCO during the 
period of 1982-83 to 1986-87 may be cbserved from 
Table 8. 


Hama tet ae os, BE Sh, ee 4 


TABLE—8 
ers ioieame apron et endeties a 
No. Items Year TISCO 
1 ot) aan 3 
1, Fe-content in Iron ore used 82-83 66.77 
83-84 66.83 
84-85 66.89 
85-86 66.94 
86-87 66.81 
2. Silica (Si O02) 82-83 0.81 
83-84 0.81 
84-85 0.73 
85-86 0.79 
86-87 0.79 
3. Alumina (Al- 03) 82-83 2 08 
83-84 2.02 
84-85 1.98 
85-86 1.93 
1 





*DNA—Data not available. 


Bhilai Bokaro Rourkela Durgapur TISCO 
40 5 “6 7 8 
62.45, 62.13 61.9 61.6 61.64 
63.34 62.00 62.2 62.6 61.42 
63.30 61.96 62.9 62.4 61.32 
64.72 61.53 62.6 61.0 61.30 
56.20 63.40 62.8 61.8 61.1 
3.15 1.81 2.2] 2.51 
2 67 1.96 1.9 2.24 
2.80 1,91 1.7 DNA* 2.30 
2.15 2.09 1.9 2.60 
1.83 1.25 1.9 2.4 
3 45 3.25 3.9 | 5.61 
2.92 3.33 3.8 | 4.10 
2 96 3.40 3.3 5.54 
2.34 3.71 3.6 4.10 

2.83 3.5 


7.3.2 The quality of iron ore received by TISCO 
plant from tts captive mines is much superior to that 
of SAIL plants. In the context of the above, it is 
necessary to formulate a suitable strategy by Gov- 
ernment (Department ef Mines) along with SAIL to 
upgrade the quality of iron ore either by beneficiation 
at Mines or at plaat to reduce silica and alumina 
content of iron ore. Silica and alumina content of 
iron ore contributes only 40-50 per cent of slag gene- 
ration and higher generation of slag implies higher 
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energy consumption (Ref. Para § Chapter 5). It is 


worthwhile to mention h 


ere that all over the world 


the use of sinter at blast furnace in place of lump 
Iron ore earlier used has improved the burden dis- 
tribution and consequently the productivity and sre- 
cific energy consumption. The use of sinter in Indian 
plants is very low-(1ISCO does not lave even now 
a sintering plant) compared to any efficient plant 
abroad as could bz observed from Table 9. 


TABLE 9 
Specific Consamotion of fron Ore and Sinter in (ast farnict-India vis-a-vis other countries 


Si. . C wntry/Plants 





Sp:cific consim:tion of Iron Ore and Sinter at Blast Furnace during 


rt ere 





No. SS Sra eS 
1982/83 1983/84 1984/85 1985/86 1986/87 
©) mo) OD Pe) ee) Gyo 
1, INDIA 
1. TISCO 
(a) Iren Ore 968 1018 1018 963 954 
(b) Sinter 737 742 695 700 639 
2. Bhilai 
(a) Iron Ore 883 850 809 777 751 
(b) Sinter . 1087 1075 1097 1050 1037 
3. Bokaro. 
(a) {ron Ore 615 586 596 631 645 
(b) Sinter . 1057 1050 1024 112 1058 
4, Pourkela 
(a) [ron Ore 1073 1020 1074 1187 1098 
(b) Sinter Til 813 855 700 728 
5. Durgapur ‘ 
(a) Iron Ore 1001 1179 1076 1159 1151 
(b) Sinter . 570 407 539 475 416 
6. ISCO 
(a) Iron Ore 1525 1508 1485 1430 1492 
(b) Sinter . —No sinter used— 
2. Japan 7 
(a) Iron Ore 27k 213 240 255 265 
(b) Sinter . 1329 1402 1372 1359 135} 
3, West Germany 7 
(a) Iron Ore ; : 400 479 5&5 367 558 
(b) Sinter: . : ; : . : . 1200 1099 1007 1016 1012 
UK. 
(a) Iren Ore : 469 5%6 546 519 556 
(b) Sinter . : : : ; : . 1139 1052 1032 1080 1039 
pragmatic solution unde: Indian context for the 


7.3.3 To and out a techno-economic solution of (a) 
inferior quality of coking cals and (b) iron ore with 
high silica and alumina content, it appears that the 
iron-ore fines 2ftering washing may be used in sinter 
plant to produce balanced filuxed sinter which may 
be used to the extent of 8U per cent or more of the 
burden of blast furnace. This appears to he the 


tollowing reasons : 


(1) Iron-ore fines are Iess costly compared to 
lump iron-ore. 
(2) It can be washed at Mine site or at steel 
plants with cheap equipment (Investment 


$5 


cost is low) to get rid of silica and alumina 
in iron ore. RDCIS may provide the 
necessary technical know-how. 


(3) Balanced fulxed sinter with uniform coke 
breeze distribution will ensure better re- 
duction of iron-ore (Fe:O3) by coke 
breeze in sintec and B.F. coke of tie 
burden and consequently lesser energy 
consumption. 

(4) It provides the possibility of use of coke 
breeze which otherwise is a by-product of 
lesser value at steel plants. 


(5) It will reduce the usages of B.F. 
blast furnace. 


(6) It is far more econcmical than use of impor- 
ted high quality coke coal at high cost and 
using the sainc in older concept of techno- 
logy where only lump iron ore with law 
ash and high strength coke were used. The 
Japanese use of sinter as shown in Table 9 
is an eye-opener to Indian planners. 


cokes at 


8. Beneficiation of important raw materials like 
coking coals, non-coking coals and iron ores, opti- 
musation at the use of the available resources and 
greater use of sinter should jointly contribute largely 
10 energy conservation and cost reduction. There is 
a need to upgrade high-ash cvals by washing,» by 
petrographic prepaiation to permit large miature of 
non-coking coals in the blend, by the use of self- 
fluxing sinter in the blast furnace burden and other 
technological improvements to reduce specific con- 
sumption. 


9. Our low volatile coking coal resources ate 
limited. Larger use of higher proportion of high 
volatile coals in the -lend may, therefore, | -be 
desirable. It is understood that in 1961 or there-: 
about CFRI, Dhanbad had indicated through a pilot 
plant investigation that it is possible to blend poorly 
coking coals io tie extent of 2@ per cent. Implemen- 
tation of this possibility is not known and there is 
perhaps a case to explore this possibility further. 
The principle of petrographic preparation process is 
tu avoid indiscriminaic size reduction (which happens 
by crushing in a hammer mill), and by means of 
various combinations of screens and  disintegraters 
ensure that vitrain|clarain is not crushed too fine, 
but the infusible constituents are crushed to a 
narrow size range. This process may also increase 
bulk density with resultant increase in production 


from the ovens due te increased charge weight and 
higher -conductivity. 


10. In Indian conditions, where relatively meagre 
reserves of coking coal are concentrated in a small 
area on the Bengal-Bihar border, but the iron ore 
deposits are widely dispersed, it is necessary , 10 
investigate methods of production which — either 
eliminate or subtantially reduce reliance on coking 
coal. High extent of use of self-fluxing and super- 
flux sinter becomes all the more reievant in this con- 
text. There is a conservative estimate that with an 
all-sinter burden, iron production could be about 
30 per cent highcr and the coke rate 28 per cent 
lower. In addition, therefore, with the help of 
available technolovy (burden preparation, self-fluxing 
sinter, high top pressvre, high blast temperatures, 
injection of hydro-carbons etc.) serious efforts should 
be made to bring down the coke rate to about 
600 Kgs. 


Quality of hot-metal visea-vis quulity of sicel and 
Specified energy consusiplion 


11.1 In Chapter 5{para 8) it has been observed 
that inprovements in the qualities cf input materials 
and consequently less generation of slag reduced the 
Specific energy consumption at Blast furnace. Apart 
from this direct bencfit of lesser energy consumption 
at Blast furnace, it improves specific energy consump- 
tion at steel meiting shops due to the presence of 
Phosforas thereby reducing the time of purification and 
decarbonisation, consequently producing better quality 
steel. For stecl making either in open hearth fur- 
naces or in LD converter, the impact of lower 
silicon inputs along wit lower sulphur and phos- 
phorus inputs is substantial since the flux ta be added 
gets reduced with lesser impurities, producing less 
slag at stec] melting stage. Lower silica content in 
hot metal demands lesser quantity of steel scrap at 
steel melting shops and Jowers the heat lusses due 
to lesser volumes of slag produced. This means 
important cost benefits. The reduced Manganese, 
Phosphorus and sulphur levels help steel making to 
mect the steadily increasing quality requirements. 


11.2 Before the above could be sufficiently subs- 
tantiated the actual quality of hot metal produced 
at our steel plants during tne period 1982-83 to 
1986-87 may be observed and compared with an 
energy eflicient plant in Germiany. This is presented 
in Table 10 and Fig. 1. 


TABLE—10 
Quality of Hot Metal Produced by different Steel plants during 1982-83 to 1986-87 


Na, Items Year TISCO 


1. Contents of different clements in 
hot metal - 


(a) Fe ; . 

(b) Si 1.65 
(c) Mn 1982-83 0.64 
(d) C S 
@S 0.037 


“(Fy P 





Bhiiai Bokaro Rourkela Durgapur = HSCO 
93.2 ms oe = - 
1.31 1.54 1.32 2.16 2.01 
0.92 0.94 1.43 _ 0.86 
4.26 = 3.84 - —_ 
0.036 0.037 0.069 0.047 0.052 


0.26 


0.305 


1 4% 


(a) Fe 
(b) Si 
(c) Mn 
(d) C 
{e) 5 
(f) P 
(a) Fe 
(b) Si 
(c) Mn 
(d) C 
(ce) S 
(f) P 


(a) Fe 
(b) Si 
(c) Mn 
(d) C 
(c) S 
(f) P 
(a) Fe 
(b) Si 
(c) Mn 
(di) C 
(e) S 
(f} P 


[983-84 


1984-85 


1985-86 


1986-87 
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1.63 
0.67 


0.042 


1.54 
0.54 


0.045 
1.44 
0.63 


0.5 


1.39 
0.62 


054 


Trends of Improvement of the quality of hot- 
metal at Thyssen Steel of Germany (FRG) 


11.3 A critical examination of the data presented 
earlier in Table 10 and Fig. 1 provides the following 
useful information as presented .in Table 11. 


TABLE. -it 


Variation of fnpurities (°%) in F’ot <I ctal 
“0 


So Temsof 
No. iimpari ics 
iaheom tel 


» heey) 

» Manense 
(%) 

. Su'phur (%) 

4. Phosphorous 

(%) 


tem 


oP) 


Indian Plants 


Voridtevica ing _ 


po 
Oa" 


Maximum Miaunumn 
Miixtnvin Miniman 


“S349 80-87 


= og SOSO-RS 


— 


eerq tS Str. oe 


3 4 a a 
ae, 1.2! 0.68 
1.58" 0.39 0.30 


0.069 0.041” 0.048 
0.053 0.24 24 


Thyssen § eu) 
soe eee (G2 any) 


Veriaden du ing 


6 


0.28 
0 20 


0.04 


0.03 


The above explains the fact that while cfficient 
units abroad have continuously’ sttiven’ to 


consequently 


hot 


metal praduced at 


furnace which has profound influences 


improve 


on 


Blast 
the 


5 6 7 8 9 
93.02 e oe os -- 
1.5 1.52 1.75 2.47 2.16 
U.97 0.84 1.49 re 0.82 
4.2 oe 3.79 te i 
6.036 0.043 0.061 0.044 0.052 
0.27 0.257 0.25 ted 0.305 
93.19 — ae = a 
1.39 1.54 1.62 2.37 2.16 
0.39 0.81 1.58 0.89 
4.19 es 3.76 e oe 
0.038 0.041 0.064 0.047 0.06 
0.26 0.28 0.26 i 0.034 
93.25 i = d a 
1.34 1.52 1.51 2.34 1.9 
0.95 0.88 1.5 = 0.84 
> 4.18 = 3.92 = es 
0.036 6.042  - 0.062 0.049 0.55 
0.24 0.283 0.26 
1.44 1.58 2.41 1.84 
0.83 1.83 4 0.8 
é 3.93 2 zs 
-- 0.043 0.064 0.042 0.5 


it: ee ees 2 


quality of input material and consequently 
hot. metal produced at Blast furnace which 
has. profound influences on ine _ physical 
and chemical properties of the steel of the 
end product: Indian units appear to exert lesser 
attention to. this aspect, being in the sheltered domes- 
tic market under retention price scheme of the ad- 
ministered price control. This needs to be changed 


‘as early as possible, not only for energy conservation 


alone but aiso for the quality of steel being deman- 
ded by both domestic consumers and export market. 
It may be stressed upon here that beneficiation may 
not call for a high investment cost compared to the 
massive investments for modernisation heing planned 
by SAIL. The modernisation programme may need 
a review to cnsure that due periority to beneficiation 
and homogenisation of input materials is given. 


Electrical Power Supply from State Grids 


12.1 The operational performances of integrated 
stee] plants are highly affected by (a) restricted quan- 
tity of power supply, (b) power supply at fluctuating 
frequencies and voltages and (c) abrupt load shed- 
ding or cutting off the supply. The resilience of diffe- 
rent integrated steel’ plants to’ encounter the above 
situations is limited and can be observed from the 
quantum of captive generations and purchased elec- 
trical power from state grids by the plants. This is 
presented in Table 12. 
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Sl. Items 


TABLE—12 


TISCO 


59.63 


Year 
No. 
: 1 2 3 

1. Generation at the plant as (%) to 82-83 
total power received at the plant 83-84 58.73 
84-85 61.51 
85-86 59.92 
86-87 62.92 
2. Purchased power from grid as (%) 82-83 40.37 
to total power received at the plant 83-84 41.27 
: 84-85 38.49: 
85-86 40.08 


86-87 


The integrated steel plants depend to a very large 
extent, for their operational performances, (specially 
for capacity utilisation and consequently for the 
energy efficiencies) on grid power. On the irregular 
and restricted quantitative supply of power from the 
grid the steel plants have not control. 


37.08 


ee eee a oe fi ane SA ASE, —2 


Rourkela 


Bhilai {ISCO 


Bokaro Durgapur 
4 5 6 7 8 
25.17 44.54 48.54 21.06 56.01 
33.99 39.66 41.69 19.04 48.47 
32.25 43.21 40.00 18.42 41.11 
33.51 37.83 41.46 17.44 40.99 
29.30 41.91 31.21 17.19 50.46 
74,83 55.46 51.46 78 .94 41.99 
66.01 60.34 58.31 80.96 31.53. 
67.75 $6.79 60.00 81.58 58.89 
66.40 62.17 58.54 82.56 59.01 
70.70 58 .09 68.79 82.81 49.54 
12.2 Apart from quantitative supply _ restrictions, 


the plant’s energy cost increases with increase in power 
tariff of the grid’s supply of power. The increase in 
tariff during the period from 1982-83 to 1986-87 
period is presented in Table 13. 


TABLE 13 
Unit-Paise/KWH 

Sl. ‘Item — i “Year ‘TISCO Bhilai Bokaro Rourkela Durgapur IISCO 
7 a eiethen og Oo deo po indy le a , : : oe : ae 

T 1. Power tariff (Paise/K Wh) to be paid 82-83 32.2 51.6 43.3 $1.1 4.40 38.2 

by the integrated steel plants 83-84 39.1 56.5 46.1 63.7 50.3 50.5 

84-85 45.8 59.2 47.3 82.4 55.4 54.1 

85-86 55.5 70.8 58.5 100.0 61.6 59.9 

86-87 54.4 80.4 62.0 101.4 74.9 69.5 
The effect of restricted quantitative supply of elec- Government Support for Investinent on Continuous 


tric power from state grids on Joss of saleable steel 
preduction may te observed from Table ‘9 in 
Chapter 5, SAIL has lost 5.37 lakh tonnes of pro- 
duction of saleable steel in 1986-87 on account of 
ion availability of power only. . 


12.3 Summarising the above it may be stated that 
better productivity and energy efficiencies cannot be 
achieved unless the electrical power supply from state 
grids improves. Clearly spelt out policies are, there- 
fore, needed before a massive venture of modernisa- 
tion is undertaken to avoid disappointment at a later 
Stage. This is the most strategic area of Govern- 
ment support required by the integrated steel plants. 
Tt is equally important for energy conservation. It 
is also necessary that Government decides the quan- 
tum of captive electrical power to be generated by 
‘ach integrated steel plant to be partially independent 
if the irregular power supply from state grids if grid 
upply cannot improve to | satisfy the demands of 
‘lectrical power of the steel plants. as has been prac- 
ised in the case of public sector aluminium industre. 
Aodernisation without availability of reauired electri- 
‘al nower for full capacity utilisation wil] be suicidal 
for the national economy and hence well-defined 
strategy and action plan gre indispensable for steel 
plants, 


Casting Facilities and on Retrofit Technology 


13. At present continuous casting facilities exist at 
Bhilai and TISCO. In this process liquid steel is 
directly cast to billets, blooms or slabs without going 
through ingot route, thereby eliminating the soaking 
pit and primafy rollings. This (a) improves  vields, 
(5) eleminates the usé of fuel oil at soaking pit and 
(c) eleminates the use of primary rollings and hence 
It is highly beneficial from energy consumption point 
of view. Almost all plants abroad have introduced 
this as a measure of energy conservation. Particularly 
of hydrocarbon fuels. Introduction of continuous 
Casting facilities is very desirable and hence Govern- 
ment should support such investment by prover policy 
measures and action programmes after the plants have 
sufficiently improved upon operational optimisation 
measures as identified in Chapter S. 


14. The various potential energy saving schemes 
both for retrofit technology as well as upgradation of 
technology have been presented in Table § and 7 in 
Chapter 5. Energy saving schemes have normally 
£00d pay-back period. Bureau, therefore. recam- 
mends its implementation at appropriate stave after 
improvements in operational optimisation. 


Action by SAIL and TISCO 


15. The management of TISCO and SAIL 


will 


have ‘to play the most vital: role for energy conserva- 


tiun since it is in their 
Schemes of energy 
operationalisation. 


hands to execute various 
conservation ag well as their 
To achieve this odjective, ihe 


following have been identified as measures necessary 
for energy conservation. 


(a) 


(b) 


Organisation : Both T(SCO and SAIL have 
organisation at plant level as well as at the 
corporate level, to obtain energy consumn- 
tion data, interpret them in a suitable MIS 
13 & 14, Chapter 5). As observed in the 
for improvement either (a) by operational 
optimisation or (b) by making  suitab’e 
investments for improvements (Ref. paras 
13 & 14), Chapter 5). As observed in the 
present study, the level of active participa- 
tion of workmen, supervisors:foremen is not 
of very high order. The strategic work 
force needs to be fully involved in energy 
conservation measures particularly for 
operational optimisation. Energy conserva- 
tion is every employee’s business and henre 
they must participate with full motivation. 


This may be achieved bv the introduction’ 


of. “Suggestion Scheme” in which timnrove- 
ments suggested by an employee, if .and 
when it results in energy saving, would be 
suitably rewarded. Such a Scheme warked 
satisfactorily in TELCO SAT Mannae- 
ment mav consider this for . implementation 
at their plants, or review th: existing Sche. 
mes for better results. The “Sucestion 
Scheme” should be hase-t on the nrincipter 
of ‘gainful participation’ .and ‘sharing cf 
gains’. 

Tareet Settine : Fach pracess centre. depent- 
ing On their performanc: during the Jac 
two vears should set its monthly target inf 
energy consumption. This should be done 
by the superintendents of the process ccn- 
tres with small groups of supervisorstwore-. 
men to look after the specific aspec's of the 
economic target set for cnergy consumptien 
Target should be communicated ta the Chief 
Superintendent, Enerey Management of tke 
plant and thereafter to corporate office for 
monitoring. Target setting is necessary to 
inculcate the sense of involvement. respon- 
sibility and. duty for achieving corporate. 
Strategy. For intra-and inter-plant healthv 
competition, ‘centres of exellence’? sheuld 
also be set up as a part of annual action 
plan under a well-defined and well-reculated 
scheme. a : 
Operational Imprd,emen's + There are Jarge 
number of minor points of actions needed 
to imptove upon the operativnal practices 
for energy coservation. These have hbeon 
listed as ‘check list’ in Annex’ 5|3. It is 
necessary that the plant management give; 
adequate attentior to them and’ improves 
upon the avoidable tosses of enirey. This 
will bring substantial savines by way of 
higher capacitv utilisation in each process 
centre of the plant. 
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(d) 


() 


Improvement in Machine i-+reductivity : 
]mprovement in energy consumption Is 
always possible oy higher capacity viilra- 
tion of the plant and machinery. The higher 
capacity utilisation again is possibie if the 
machinery is in good working order and 
available for operation and hence the neces- 
sity of highly cficient maintenance functions. 
Elsewhere in this study the functional efh- 
ciency of SAIL’s maintenance organisation 
has’ been examined in broad outline. The 
lower capacity utilisation of SAIL plants 
compared to TISCO, would surely lay bare 
the deficiencies of maintenance performances 
of SAIL plants. SAIL needs better mainte- 
nance organisation and its functioning. This 
should be reviewed by SAIL for appropriate 
action programme. 


Improvement of Input Raw. Materiel Qua- 
lity: While this aspect has been earlier 
dealt with in this chapter, on the supporting 
role of the Government it may. be mentioned 


‘here that the integrated steel plants, parti- 


(f) 


cularly SAIL, have the main responsisilitv 
to beneficiaie raw materials (iron-ore and 
coking coal particularly) and purify crude 
steel (silica, sulphur, manganese, etc.) by 
adopting suitable technology for the same. 
To achieve this objective integrated stec! 
plants should increase the usage of sinter 
at the blast furnace which by itself is a 
beneficiation process and leads to better 
nroductivitv and enerey conservation at blast 
furnace. SAIL needs to review usage cf 
sinter in its plants. The beneficiation or 
proper attention given by the management 
to upgrade the input quality of iron ore and 
BF coke would result in not only enerav 
conservation but also in better quality of 
steel as end-products. 


Improvements hy Incorporating Modern 
Instruments and Control : Process antimica- 
tion through manual skill cannot be achieved 
particularly when variable parameters are 
large and response needs to be quicker for 
correcting actions. This has heen achieved 
by computers for process control. Both 
SAIL and TISCO are aware cf the potential 
benefits of its introduction. SAIL has made 
a corporate planning of the same. It is 
only stressed upon here for its early intro- 
duction since it is not a costly investment 
and the pay-back period is short. This wil! 
provide the most scientific base of perfor: 
mance monitoring while affording cortective 
steps for better result and hence’ recom- 
mended as priority item of’ modernisa‘ion. 
with Government support.for import duty 
reduction wherever called for if the instrn- 
ment in question leads to energy savirie at 
steel plants and if it is not being manufac- 
tured in the country, «© = °° ° 


’ 


(g) Improvements by Suitable Energy Saving 


Scheme: The potential annual enerey 
saving could be achieved by (a) operational 
optimisation, (b) introduction of retrofit 


(h) 


dogy through modernisation. 


technology and (c) upgradation of teshno- 
‘ he total 
scenario of investment cost vis-a-vis annual 
bencfits of cnerzy conservation presented in 
Table 24 in Chapter 5S shows that opera- 
tional optimisation by way of (a) improved 
raw material quality and (b) improved capa- 
city utilisation, (c) modern instrumentation 
give better returns on investment required 
for the above items of operational optimisa- 
tion. The retrofit technology or the 
improvement of the equipment is also found 
to provide better return with pay-back period 
of 2 years and less. The upgradation of 
technology, however, calls for a very high 
investment with pay-back period of three 
and a half years to four years. Since capi- 
ta] is a scarce resource available for the 
economic development of ihe country, it 1s 
Stressed upon that a time-bound programme 
of investments for energy conservation should 
be made with sequential prioratisation. The 
indications are that the first priority should 
be given to (a) higher capacity utilisation, 
(b) installation of modern instrumentation, 
(c) improvement of quality of input materials. 
After this is achieved to a reasonable degrce 
of performance, the other means of invest- 
ments for the reduction of energy consump- 
tion should be undertaken. It would be 
a wrong approach if only upgradation of 
technology through modernisation is accep- 
ted and adopted as a means for reduction 
of specific energy consumption. Low invest- 
ment withlesser pay-back period and with 
discernible commensnrate benefits should 
be the policy-frame in this regard. It is. 
therefore, stressed here that a time-bound 
investment programme should be based on 
optimal use of capital investment vis-a-vis 
the other means of improvement. SAIT.’s 
corporate planning for energv saving project 
is given in Annex. 6.1. While the plannine 
for improvement in specific energy consump- 
tion as given by the SAIL in Annex 6.1, 
is understandable, it is contended that capi- 
tal intensive projects should only be under- 
taken after operational optimisation 1s 
achieved to a higher level of performance. 
SAIL may therefore, review this for sppro- 
priate time-bound programme of — invest- 
ment so that optimisation may result in 
investment vis-a-vis benefits. 


Electrical Load Managing: The  manage- 
ment of electrical power available from 
captive generation as well as from state grid 
at any point of tine in an integrated stcel 
plant is necessary for proper power distri- 
bution to various process centres. The dis- 
tribution of electrical power must optimise 
the planned production under a situation of 
restricted power suppiy and thereby minj- 
mise losses. Situation appears very cften 
critical due to irregular nature of erid supply 
and also of the captive power supoly and. 
therefore, the total available power supply 
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needs to be judiciously distributed to vari- 
ous consuming centres. This function may 
be performed by a mini computer under a 
well-defined model of priorities. SAIL may 
review this for incorporation at their plants 
for better management of available power 
at any point of timc. SAIL: may also 
attempt to enter into a model contract with 
State Electricity Board (SEB) incorporating 
suitable incentives for SEB’s mecting the 
requirement of grid power to SAIL plants 
along with the suitable penalty clause for 
non-fulflment of power supply and abrupt 
load sheddings, voltage and frequent dips 
etc. This may improve the present — situa- 
tion in which loss of production, equipment 
damages etc. become nobody’s responsibility. 


16. All the thrust areas as mentioned in para 5 
supra, in relafften to energy conservation have been 
highlighted and action points focussed so that the 
decision and support areas are clearly identified, The 
urgent need for energy conservation through integrated 
multi-lateral action plans requires no emphasis. In 
conclusion, it may be added that “where there is a 
will, there is a way” and let this will come over us 
in abundance and motivate us at all levels into well- 
defined actions. the result of which will depend upon 


the synergy of the total team of the entire system 
both internal and external. Individual or group 
exceflence in isolated pockets will have little effect 


urtless synergy of team work is achieved at various 
levels of operations, such as between Government with 
its bureaucracy in the related Ministries|Departments 
and the SAIL, between SAIL Corporate office and its 
nlants, between plant management and its work force. 
Tt is .onlv the team work in svnergy that ensures 
fructification of the objective. The need of the honr 
is & participative and complementary work culture in 
which optimisation of targeted onerations at Icast cost 
should be«the concern’ of all. Response time ta anv 
sound pronosal should be minimum. reaction should 
be sunportive. implementation should be on fast track 
and involvement should be total and self generatina. 
All this can be achieved if, through breakine new 
naths. we can get out of a svndrome whern, as Prof 
J. K. Galbriath had once said. “each decision ic rieht 
af the nrice of overall failure in the result. While the 
individnal trees are being saved. the forest jc des. 
trovea” TF allowed and duly enconraced hy the Gav- 
ernment nolicies and managerial leadershin, the Tndion 
work force can deliver the aoods. 


List of narticinants in Canferences'Seminars on 
Comnrehensive Study of Stee? Industry held in 
BICP 


1. Shri V. Keishnamurthy. Chairman. — Steel 
Authoriw of India Ltd... Ispat Bhavan, 
New Delhi. 

2. Shri Arvind Pande. Director (Corporate 
Plannino), Steel Authority of India Ltd., 


New Delhi. 


3. Shri R. Jambunathan, Director (Finance), 
Steel Authority of India Ltd.. Ispat Bhavan, 
New Dothi. 


Tspat Bhavan, 


10. 


11. 


12. 


13. 


Shri R. P. Khesla, Secretary, Ministry of 
Steel, Udyog Bhavan, New Delhi. 


Shri Supriya Das Gupta. Directer, M. N. 
Dastur & Co., P-17, Mission Row, 
Calcutta-700013. 


Shri &. Chatterjee, Resident Director, M. N. 
Dastur & Co. Pvt. Ltd., A 301-311. Som 
Dutt Chambers-1, 5 Bhikaii Cama Place, 
R. K. Peram, New DejJhi-110066. 


Shri P.C. Laha. Chairman & Managing 
Director, Metallurgical & Engg. Consul- 
tants (P) Ltd., Ranchi-834002. 


Prof. R. Sen Gupta, Adviser (Modelling), 
Planning Commission, New Delhi. 


Shri Lovraj Kumar, Consultant, Advisory 
Board on Energy, Sardar Patel Bhavan, 
New Delhi. 

Prof. §. 1... Malhotrs, Department o 
Metallurgy, Banaras Hindu University 
Varanasi. 

Shri U. K. Makhodhaya Joint Secretary 


Department of Steel, Udyog Bhavan, New 


Delhi. 
Shri Prem Shankar Jha, 17-B, Chirag En- 
clave, New Delhi. 

Shri Montek Singh Ahuwalia, 


Secretary, Prime Minister’s Sectt. 
Block, Mew Delhi. 


Additional 
South 


15. 


16. 


17. 


18, 


19, 


20. 


21. 


22. 


Shri §. K. Gupta, Director, Centre for Iron 
& Steel, Steel Authority o7 India Ltd, 
Ranchi-834062. 


Dr. A. K. Ghosh, 78, Munirka Enclave 
S.F.S., New Delhi. 


Shri J. J. Irani, President, Tata Iron & Steel 
Co. Ltd., Jamshedpur (Bihar). 


Dr. Pronab Sen, Chief Economist, Econo- 
mic Research Unit, Joint Plant Committec, 
305, Aurdindo Place, Hauz Khas, New 
Delhi-1 10016. 


Shri Adarsh Kishore Joint Secretary, Depart 


ment of Steel, Udyog Bhavan, New 
Delhi. 
Dr. S. K. Gupta, Director, Kesearch & 


Development Centre for Iron and_ Steel, 
SAIL, Indian Express Building, Bahadur 
Shah Zafar Marz, New Delhi-110002, 


Shri Mantosh Sondhi, 3-B|6, Ganga Ram 
Hospital Marg, New Delhi-110060. 


Dr. P. L. Aggarwal, 71 Madhuban, Udai- 
pur-313001. 


Dr. Gokul Mukherjee, Director, National 
Institute of Secondary Steel Technology, 
301 Aurobindo Place, Hauz Khas, New 
Delhi-16. 


BUREAU OF INDUSTRIAL COSTS AND PRICES 


ANNEXES 
To 
REPORT 
ON 
ENERGY AUDIT 
OF 


INTEGRATED STEEL PLANTS 


103| 104 


UNITWISE PRODUCTION OF SALEABLE STEEL 
(Annexes 2/1A to 2/1F) 


105 —1 06 


107 


MITLLWISE & PRODUCT WISE PRODUCTION OF SALEABLE STEEI. 


Unit --. Tata Iron & Steel Company Limited 
(Thousund tonnes) 











Mill/Product 199.83 1983-84 1984-85 1985-86 1986-87 
A. Semis for Sale 
Blooms. : : . d : 2 ; 99.7 124.4 107.9 120.4 116.4 
Slabs : ¢ : ; P é ‘ . 14.8 22.3 32.7 36.1 34.9 
Billets : : : : : F F é 524.9 470.3 480.4 580.3 813.2 
Sheet Bars (TCIL) .. ‘ ; : : : 91.9 105.1 109.2 111.7 114.4 
Strip Bars F : : ‘ é ; z 18.4 21.8 23.2 9.7 11.2 
Sheet Bars and other Bars . ; . ; . 0.7 0.5 0.8 0.8 0.9 
Total (A) . . : ‘3 ‘ : ‘ ‘ 750.4 744.4 754.2 859.0 1091.0 
B. Finished Steel 
1. Medium & Light Structural Mill 
Beams ‘ : . ‘ ‘ : 2 “ 44.2 47.9 35.8 25.5 30.3 
Channels. www, 41.1 24.2 29.9 43.6 31.8 
Angks . , : é . é m . 15.6 13.3 14.8 14.8 8.8 
Rounds. ; ‘ : A 3 P ‘ 6.5 8.1 6,3 6.9 4.9 
Squares. ° ; F : e ‘ z 6.8 Tat 7.8 7.6 6.5 
Flats < F ‘ : z : 4 3 8.4 5.5 5.6 2.4 7.0 
Seamless Gothic Bars é : : : : 49.7 52.4 70.0 10.4 68.3 
HoeBars.  . ee, 7.5 9.3 6.3 8.6 8.0 
Total(l) . 7 : aoe : : . 179.8 168.4 176.5 179.8 165.6 
2. Rail & Structural Mill 
Cathode Bars. ; : ‘ . : : 4 4.5 2.6 
Ren go Se ee 15.9 10.5 2.7 3.8 5.9 
Channels. sw 3.7 1.8 2.5 3.2 7.4 
Angles. . , : “ . : : 6.6 17.5 0.3 0.3 27.0 
Track Shoes. : ‘ : . . ‘ 0.2 
Rounds. : : ‘ . 3 5 . ace Sea es 0.5 2.4 
Rails ‘ é : . : - a 2.7 7.4 1.0 
Squares. 7 é . F ‘ é - 31 1.3 7.0 2.0 1] 
Total(2) . . f . . » . ° 38.2 38.5 18.0 12.4 18.8 
3. Merchant Milt 
Angles. . . . . . : 34.8 39.8 60.0 27.8 61.2 
Rounds . F . : P 7 ‘ ‘ 72.8 75.9 93.5 80.3 25.4 
Squares . . , . . : : ° 4.2 14.6 3.3 5.6 27 
Binte> eco Oak. AS er ee 21.9 27.3 17.6 13.9 21.9 
Tiscon/Grip Bar . é P : ‘ : 143.0 122.3 127.4 147.0 119.8 
Octagons . = . : : : . : 8.5 5.4 9.0 6.7 9.4 
Total (3) . ; : : : ; : : 285.2 285.3 310.8 281.3 240.4 


4, Strip Mill 
Hot Rolled Sirips —.. . ‘ : ‘ . 118.8 137.9 168.1 169.1 151.7 


5. Plate Milt : : é : , : ; 102.5 107.4 122.3 107.9 93.0 











Mill Product 1y7-83 TOS US 4 1984.85 1ONS.S0 1986-87 
6. Sheet Mills 
Black Sheets. 2 2 . : : : 94.9 102.9 113.2 109.9 104.6 
Galvanised Plain Sheets. F é : : 233 a 0.2 12 : 0.1 
Galvanised Corrugated Sheets. : ; . 30.3 25.9 26.0 23.0 17.6 
Total (6). : é : : : : ; 137.4 128.8 139.4 134.1 122.3 
7. Bar Forging & Tyre Mill 
Wheels/‘Tyres/ Axles : : , : 8.8 9.6 13.0 13.2 8.4 
Bar Forging Products : : : : 0.2 6.1 11.7 15.5 16.1 
Towal(7) . : : j : : : : 9.0 15.7 24.7 28.7 24.5 
Total Finished Steel (B) 
(1-243 '-4 -5-1-64-7) . ‘ : : : 870.9 882.0 959.8 913.3 816.3 
Tota! Saleable Stecl (A-:- B) 1621.3 1626.4 1714.0 1772.3 1907.3 
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Annex. 2/1 (B) 
MILLWISE & PRODUCTWISE PRODUCTION OF SALEABLE STEEL 
































Unit—Bhilai Stee! Plant 
(Thousand tonnes) 
Mill/Product 1982-83 1983-84 1984-85 1985-86 1986-87 
A. Semis For Sale 
Blooming and Billet Mills . ‘ : ‘ 
Blooms. : é : ; F : : 122 91 106 114 93 
Slabs , ; é : ; , : ‘ oe “is iss 34 94 
Billets ‘ . ‘ ‘ 5 P : 352 377 298 219 196 
Miscellancous items . . : ‘ ; 2 43 28 38 109 140 
Adjustments 2 (--)5 5 10 
Total (A) . : : : ; : : : 517 498 496* 504* 588* 
B Finished Steel 
1. Rail and Structurals Mill 
Rails ; : F : : ‘ ; . 306 307 342 409 291 
Crane Rails : ? ¢ : ‘ F - 6 3 6 1 1 
Beams. : : 5 ; : ‘ is 95 73 103 98 110 
Channels . ; ; : : ‘ : . 39 38 33 31 30 
Angles. , : : ‘ : : : 13 11 12 4 10 
Crossing Sleepers. : : : : : 19 17 7 3 it 
Squares. : . : : . F . 117 37 35 1 38 
Rounds : : ; : tee see ss 2 sea 
Hammer Plates/Insert Plates ‘ i . : 6 5 4 2 - 
Total(l) . : : : i : : . 601 491 542 551 491 
2. Merchant Mill 
Beams. , ‘ ; : : : ; 12 14 Sas 9 10 
Channels/Tele channels. ‘ 2 ‘ : 68 69 56 64 68 
Angles. ‘ : ‘ . , : ‘ 139 145 197 140 147 
Rounds. : . ‘ : : : ; 30 56 67 715 67 
Flats je . F : - . : - 1 2 1 1 
Squares/Billets . ; . : ; . . 41 aie bee te ity 
Tor Steel/Ribbed Bars : : ; : ‘ 77 55 63 73 45 
Total(2) . ‘ : : F : : ; 368 341 384 362 335 
3. Wire Rod Mill 
Wire Rods Plain : : : , : : 294 178 295 289 304 
Tor Stccl/Ribbed Bars www 58 54 43 56 58 
Total (3) . F : : : : ay P 352 232 338 345 362 
4. Plate Mill : : : ‘ : ‘ f -s 12 50 293 374 
Total Finished Steel (B) 
rg Dens 2 ty, ) rr a cr 1321 1076 1314 1551 1562 
~ ‘TotalSaleable Steel(A+B)  . 3 .  . 1838 1574 1810 255 280 














*Inclusive of {ngot Steel for sale : 1984-85 : 60 000 tonnes 
1985-86 :23 000 tonnes 
1986-87 : 55 000 tonnes 
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Annex 2/1 (C) 


MILLWISE & PRODUCTWISE PRODUCTION OF SALEABLE STEEL 
Unit — Bokaro Steel Plant 


(Thousand Tonnes) 


"1982-83 1983-84 1984-85 1985-86 





Mill /Product 1986-87 
A. Semis For Sale 
Slabbing Mill Products 45.9 5.0 55.9 84.4 99.5 
B. Finished Steel 
1. Hot Strip Mill 
Thick Plates 18.3 22.9 30.7 55.8 33.8 
Hot Rolled Coils 
(including Slit Coils) . 593.0 562.3 589.1 591.5 652.0 
Hot Rolled Sheets 183.5 181.2 204.4 214.3 199.4 
Hot Rolled Plates 391.4 254.1 257.4 400.2 387.3 
Total (1} . 1186.2 1020.5 1081.6 1261.8 1272.5 
2. Cold Rolling Mill 
Cold Rolled Coils 
(including Slit Coils) . 194.4 188.3 221.0 195.8 156.8 
Cold Rolled Sheets 96.0 67.2 Ws 97.4 90.5 
Others 6.4 7.0 28.5 81.1 125.3 
Total (2) . : 296.8 262.5 324.2 374.3 372.6 
Total Finished Stee! B (12) 1483.0 1283.0 1402.8 1636.1 1645.1 
Total Saleable Steel (A+ B) 1528.9 1288.9 1458.7 1720.5 1744.6 


ill 


MILLWISE & PRODUCTWISE PRODUCTION OF SALEABLE STEEL 


Mill/P-oduct 


A Semis for Sale 
Rollable Ingots . 
Slabbing Mill Slabs 

B. Finished Steel 

1. Plate Mill 
Plates (7 mm & above) 

2. Hot Strip Mill 
Hot Rolled Coils 
(including slit coils) 
Hot Rolled Sheets 
Hot Rolled Plates 


Total (2) . 
3. Electrical Shect Mill 
Hot Rolled Silicon Sheets 


4. Cold Rolled Mill 
Cold Rolled Sheets 
Cold Rolled Coils 
Black Plates . : 
Hot Roller Pickled Coils 
Total (4) . : 


5. Galvanising Plant 


Galvanised Sheets 
(Plain & Corrugated) 


6. Scrap & Salvage Department 


End Sheets/ 
Cut Coils ends etc. 


7. Tin Mill 
Electrolytic Tin Plates 


8. Pipe Plant 
Electric Resistant 
Welded Pipes 
Spiral Welced Pipcs 
Total (B) . 


9. Silicon Steel Mill 
CRNO Sheets 


Total Finished Stecl (B) 
(14-243-44454+6+74+8+49) 





Toral Salea ble Stccl (A-: B) 





Unit — Rourkela Steel Plant 


1982-83 1983-84 1984-85 
36.3 38.7 51.3 
266.9 242.7 239.5 
189.6 136.0 203.5 
0.8 0.9 1.7 
89.8 70.3 74.2 
280.2 207.2 279.4 
12.1 17.3 22.0 
49.7 39.4 49.0 
56.6 55.8 69.1 
0.8 0.2 0.8 
4.9 2.3 2.4 
1{2.0 97.7 121.3 
137.7 120.8 136.3 
26:6 26.0 30.0 
33.7 50.0 71.8 
45.3 34.7 28. 1 
40.7 27.3 29.1 
86.0 62.0 57.2 
4.6 
955.2 823.7 962.1 
991.5 862.4 1013.4 


Annex 2/1(D) 


(Thousand tonnes) 


1985-86 1986-87 
6.9 68.0" 
72.9 78.9 
246.6 269.6 
179.9 217.0 
0.3 0.7 
84.9 77.7 
265.1 295.4 
13.0 16.0 
52.8 75.8 
$3.2 110.6 
1.0 2.8 
137.0 189.2 
118.9 88.8 
72.6 64.6 
34q2 32.9 
31.0° 29.5 
65.2 62.4 
6.6 7.3 
925.0 993.3 
1004.8 


1140.2 
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Annex, 2/1 (E) 


MILLWISE & PRODUCTWISE PRODUCTION OF SALEABLE STEEL 


‘’ Unit — Durgapur Steel Plant 


(Thousand tonnes) 























*{ncluding rejected wheels/a xles 





She ss tt oes seta oe Ee ie Pick Rican apa Ae ay te peer s 
Mill/Product 1982-83 1983-84 1984-85 1985-86 1986-87 
Semis For Sale 

(Including Section Mill 

Re-rolla ble Ingots/Fluted Ingots . es ws 94 62 82 

Blooms 126 118 90 136 121 

Billets 166 100 59 40 28 

Slabs : 47 41 23 53 75 

Sleeper Bars. : : , - . 5 7 3 2 6 13 

Fish Plate Bars . 0.02 0.8 1 1 1 

Total (A) 346 263 273* 3,1* 324* 
Finished Steel 
Section Mill 

Beams ‘i 49 53 55 46 54 

Channels . : : - . d F - 38 62 49 43 37 

Angles * : : ‘ ‘ : : i 42 7 22 17 16 

Bearing Plate Bars/ 

Square Bars/ 

Shell Bars : : ‘ F : . ‘ 2 1 1 1 ix 

Total(l) . 131 123 127 107 107 
Merchant Mill 

Rounds (Plain) . : A ‘ . ‘ 134 38 52 95 85 

Rounds (Ribbed/Tor Steel) 79 4 57 76 71 

Total (2) . 213 82 109 171 156 
Sleepers Plant 

Broad Gauge Sleepers 42 47 35 33 39 
Fish Plate Plant 

Fish Plates . 2 ; - F é : 3 3 3 3 3 
Skelp Mill 

Skelp 65 71 67 95 108 
Wheel & Axle Plant 

Wheels & Axles 13 13 7 14 14 

Total Finshed Stecl (B) 

(14243444546) . 467 339 347 423 427 

Total Salea ble Steel (A+B) $13 602 621 724 751 
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Annex 2/1 (F) 
MILLWISE & PRODUCTWISE PRODUCTION OF SALEABLE STEEL 
Unit — Indian Iron & Steel Company Limited 
Thousand tonnes 





























Mill/Product 1982-83 1983-84 1984-85 1985-86 1986-87 
Semis for Sale 
Blooming and Billet Mill 
Blooms (Blooming Mill, Heavy Structural and 
Billet Mill). 7 : : : ‘ ‘ 52.20 46.04 21.86 47.91 51,52 
Slabs (Heavy Structural 
Blooming and Billet Mill) : : ‘ F 10.66 8.71 8.05 13.05 13.17 
Billets (Billet, Heavy Structural, 
Light Structural Mill). A ‘ : j ? 96.17 97.10 62.04 56.50 50.16 
Squares (Heavy Structural and 
Light Structural Mill). 2 ? : a . 1.55 ae we 1.12 1.34 
Shects Bars ‘ ; . P ‘ i : 5.49 0.70 1.18 2.90 0.90 
Flates (Billet Mill). : ‘ ‘ . : 0.56 0.24 0.67 0.82 0. 84 
Total (A) . ‘ : ; : : ‘ ‘ 166.63 152.79 83.80 122.40 117.93@ 
134.91 134.66 
Finished Steel 
Heavy Structural Mill 
Rails : F ‘ ‘ : : ; . ay 1.71 2.59 2.45 3.98 
Beams. ‘ ‘ ‘ ; ; ‘ . 16.70 11.0 14.12 27.33 21.85 
Channels . ; : : ‘ : : ; 7.10 8.88 3.14 11.68 14.36 
Angles. : ? P é : ; ‘ 18.58 20. 64 16.92 23.35 29. 68 
‘Z’ Pilling : : : ‘ ‘ : ; 6.20 4.00 2.96 6.14 4.97 
‘Z’ Section . . : : : F ; ‘ 3.90 6.55 9.26 7.00 16.86 
Coillery Arch Scction . : A : F 0,42 1.93 1.80 0.57 
Total (1) . , : ; : : : 53.90 54.83* 50.79 78. 88f 91.90, 1 
Medium and Light Structural Mill 
Rounds . . F . ; : : . 17.16 22.42 15.10 6.97 4.00 
Channels . : : : F ; ‘ ‘ 3.83 0.87 2.96 4.35 13.95 
Beams. - ; : ‘ . . . 0.15 1.36 0.65 0.16 1.65 
Angles. . ‘ : ‘ : , : 33.17 17.81 30.11 40.48 43.95 
Tees ‘ , ; : $ A , 7 0.93 1.11 1.07 0.48 
Fats ; ‘ ‘ : : : ; : 1,27 #6 ie he se 
Rails j . F . : ; ; P 14,84 15.31 16.74 15.07 12.28 
Total (2) . : : ; F ‘ . ‘ 71.35 58.88 66.63 67.51 75.83 
Merchant and Rod Mill 
Angles. : ‘ ; ‘ ; ‘ : 20.41 20.68 24.64 29.05 33.96 
Rounds (Plain) . ; : ; ‘ . : 47 23 48.04 49.20 56.50 47.17 
Flats ‘ : : ‘ : : ‘ ‘ 12.52 9.64 5.20 18.47 24.03 
Ribbed Bars. : ; : ‘ ‘ * 56.29 41.12 32.92 33.96 34.51 
Total (3) . ; 7 ‘ ‘ . : é 136.45 119.48 111.96 137.98 139.67 
Sheet Mill 
Black Sheets. ; ; : ‘ . : 38.94 39.10 39.11 51.61 50.27 
Galvanised Sheets. ; ; ; F : 33.01 18.82 18.10 29.14 33.35 
Total (4) . : : : ‘ : : ‘ 71.95 57.92 57.21 80. 75 83.62 
Total Finished Steel (B) 
(1+2+4+3+4) . : ‘ : : ; 2 333.65 291.11 286.59 365.12 391.02 
Total Salea ble Stee] (A+-B) : ; : P 500.28 443.90 380. 39 500. 03* $25. 707 








ACTUAL CONSUMPTION OF PURCHASED PRIMARY SOURCES 
OF ENERGY INPUTS TO STEEL PLANTS 


(Annexes 2/2A TO 2/2F) 
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ANNEX 2/2 (A) 
TATA TRON AND STEEL COMPANY 


Actual consumption of primary sources of energy inputs to the total system (entire steel plant) and its original thermal values 
during the years 1982/83 to 1986-87 





»]. Items of primary sources Unit YEARS 
No. of energy = an nn ne ee ne eo 




















1982/83 1983/84 1984/85 1985/86 1986/87 
(0) (1) (2) G3) (4) (5) (6) (7) 
1. (a) Coking coalas mixed charge to 
coke oven . ; : p . TA 2405229 2273305 2285385 2267363 2297730 
(b) Calorific value of the charge . Keal/KG 6578 6560 6643 6670 6754 
(c) Total heat input . ! : . MGCal 15,822 14.913 15.182 15.423 15.519 
2. (a) Gascoal . : : ; . T/A 49787 14497 NU NU NU 
(b) Calorific value of the charge . Keal/Kg 6040 6104 
(c) Total heat input . ; : . MGCal 0.3007 0.0885 
3. (a) Steam Coal ‘ . ; . TIA 816118 897794 956264 957231 959489 
(b) Caiorific value : : F . Keal/Kg 5988 5875 5687 5775 5715 
(c) Total heat input . . . . MGeal 4.887 5.275 5.438 5.528 5, 483 
4. (a) Goke purchased . ; ’ . T/A 1361 2451 3088 4936 47787 
(b) Calorific value. ‘ : . Keal/Kg 5620 5667 5676 5760 5823 
(c) Total heat input . : : . MGCa) 0.0076 0.0139 0.0175 0.0284 0.2783 
5, HYDROCARBONS 
(a) (i) Furnace oil . F ; . KL 19557 11525 5463 2606 2972 
Gi) LDO . ‘ : . KL $672 6548 9184 15983 17144 
Gii) LSHS . : : : . KG 65108 57212 53193 60925 55908 
(b) Calorific value of (i). ‘ . Keal/L 9489 9501 9345 9236 9667 
CalJorific value of (ii). . . Keal/L 9480 9500 9375 9415 9301 
Catorific vajue of (iii) . ‘ . Keal/Kg 10250 10221 10234 10244 10210 
(c) Total heat input ofall hydrocarbons MG cal 0. 9067 0.7565 0.6815 0. 7987 0.7590 
6. (a) Purchased electrical power. . MWH/A 413790 456295 453902 488441 447640 
(b) Equivalent thermal energy @: 4000 
Kwh=10.18G. Cal. : . MGCal 1.053096 =1. 161271 1.155181 1.243082 1.139244 
7. Totalenergy input. : ° . MGCa! 22.9767 22.2075 22.4743 22.7215 23.1789 
1 T.O.E. —- 10.18 as per United Nation Soa 
NU ~- Not used. 
1 MWH -— 2.545 $ G. Cal. 


652 Industry /89—2U 
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ANNEX 2/? (B) 
BHILAI STEEL PLANT 


Actual consumption of primary sources of energy inputs to the total system (entire steel plant and its original thermal values during 
the years 1982/83 to 1986/87 





SI. 
No. 


(0) 


1, 


MG:1l = Million Gega Calories. 





Items of primary sources Unit YEARS 

















of energy errs oe eee Sd rei ae 
1982/83 1983/84 1984/85 1985/86 1986/87 
dd) (2 (3) (4) (5) (6) () 
(a) Coking coalas mixed charge to coke 
oven . . . : . . tT 3017080 2944364 2966800 3194682 3042736 
(b) Cuilorific value of the charg . Keal/K 6024 5667 5922 6900 6776 
(c) Total heatinput . ‘ : . MGCal 18.175 17.333 17.569 22.043 20.618 
. (a) Steam coal : ; ‘ » op 458184 536980 626979 649394 641298 
(b) Calcorific value ; : . Keal/Kg. 5973 5973 5844 6149 6061 
(c) Total heatinput . : ? . MGCal. 2.737 3.207 3.664 3.993 3.887 
(a) Coke purchascd . : ‘ « ET 
(b) Calorific value. : £ . Keal/Kg 
(c) Totalheatinput . : 3 . MGCal 0.0000 0.0000 0 0000 0.0000 0.0000 
. HYDROCARBONS 
(a) (i) Furnace Oil. ; : . KL 100 8901 11874 
(ii) LDO : : : . KL 3046 10795 10785 
(iii) LSHS . ‘ : ‘ . KL 6288 36913 48490 
(iv) Naphtha. : : . KL 26924 14136 39299 36899 46931 
(b) Calorific valu2 of (i). j . Keal/L 9340 9340 9340 
Calorific value of (ii). : - Keal/L 8670 8670 8670 
Calorific value of (iii) . j . Keal/KG 9030 9030 9030 
Calorific value of (iv) . : . Keal/L 6430 6430 6430 6430 6430 
(c) Total hzat input of all hydrocarbons MG Cal 0.1731 0.0909 0 3368 0.7473 0.9530 
. (a) Purchised electrical power . . MWH 653157 632221 774330 908603 1017904 
(b) Equivalent th:rmal energy @ 4000 
KWH--10.18 Geal .. . - MGCal 1.66226 1.60900 1.97067 2.31239 2.59057 
. Totalenergy input. : : . MG Cal 22.7470 22.2407 23.5409 29.0961 28.0480 
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ANNEX 2/2(C) 
BOKARO STEEL PLANT INSTALLED CAPACITY 
Actuai co-isumation of priasary sources of energy inputs and its original thermal yalues during the year 199 2/8 3 to 1986-87 























Si. llems of primary sources Unit YEARS 
No. of energy sa — - an eee 
1982/83 1983/84 1984/85 1985/86 1986/87 
(0) qd) (2) (3) (4) (5) (6) (7) 
L. (a} Coking coal as mixcd charge to 
exvke oven blend diy) . : . T 3346547 3496988 3410293 3673741 3692858 
(b) Cuitorific value of th: charg. . Keal/Kg 6449 6462 6493 6643 6702 
(c) Totalhecatinput . . ‘ . MGCual. 21.582 22.598 22.143 24.405 24.750 
2. (a) Steam Coal ; . : or le 886436 774824 850889 860291 87270+ 
(b) Ca.lorific valu: ; ‘ . Keal/Kg 5094 474) 4592 4334 4294 
ec) Totslheatinput . ‘ 3 . MGCil 4.516 3.673 3.907 3.729 3.747 
3. (a) Purchased coke fom outside 
source : é . ‘ ee | 
(b) Calorific value j F . KealpKg 
(c) Totalhoatinput . . . - MG Cal. 
4. HYDROCARBONS 
(a) Furnace oil/LDO/LSHS : te Pe 12079 7091 6532.5 13103.7 13678.9 
(b) Cilorific valu: . : ; . Keal/Kg 8875 8875 8875 8875 8875 
(c) Total heatinput . : : - MGCal 0.107 0.063 0.058 0.116 0.121 
5, (a) Purchased electricity . : . MWH 720031 809531 816330 930090 847580 
(b) Total h:at equivalent of elvctcical 
powsor : : : : - MG Cal 1.832 2.060 2.078 2.367 2.157 
6. Totalenergyinput . : : - MGCal 28.0371 28.3942 28.1859 30.6165 30.7754 


1 T.O.E. = 10.18 = 2.545 G cal/MWH as per United Nation 
MG cal = Million Gega calorics 
{ Gral = Million kilo calotics 
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ROURKELA STEEL PLANT, INSTALLED CAPACITY 


ANNEV 2/2 (D) 


Actual consumption of primary sources of energy inputs to the total system (antire Steel Plant) and its original thermal values 
during the years 1992/83 to 1986/87 


Sl. Item; of primary sources 


No. of energy 





(0) 


1. 


nN 


Unit 








1983/84 





YEARS 


1984/85 


1982/83 
(3) (4) 
1746075 1687780 

6500 6500 
11.349 10.971 
352739 368649 

4630 4200 

1.633 1.548 
102608 —-:128432 
6250 6250 
0.64) 0.803 
125383 94468 
9800 9800 
1.229 0.926 
458935 517606 
1.168 1.317 
16.0207 15.5647 


a (2) 
(a) Coking coalas mixed charg to coke 
oven dry basis) . T 
(b) Calorific valuc of the charge Keal/Kg 
(c) Total heat input . MG Cal 
. (a) Steam Coal T 
(b) Calorific value Kceal/Kg 
(c) Total heat input . MG Cal 
. (a) Purchased coke from outside 
source T 
(b) Calorific valuc Keal/Kg 
(c) Total heatinput . MG Ca] 
HYDROCARBONS 
(a) Furnace Oil/LDO/LSHS T 
(b) Calorific value Keal/Kg 
(c) Total heat input . MG Cal 
. (a) Purchased electricity . MWH 
(b) Total hzat equivalent of electrical 
power . . MG Cal 
. Total cnergy input MG Cal 





MGcal = Million Gega calorics 
1 G.cal = Million kito calories. 


1 T.O.E. = 10.18 GCAL = 4000 KWHas per U.N. 


(5) 


1832343 
6500 
11,910 


379650 
4470 
1.697 


14740 
6250 
0.092 


103341 
9800 
1.013 


597577 


1.521 
16.2330 


1985/86 


(6) 


1874611 
6500 
12.185 


348282 
4650 
1.620 


0 
0 
0.000 


94028 
9800 
0.921 


558617 


1.422 


16.1476 


1986/87 


(7) 


1641075 
6723 
11.033 


340717 
4402 
1.500 


0 
0 
0 000 


71915 
9800 
0.705 


659924 


1.680 
14.9971 
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ANNEX2/2(E) 
DURGAPUR STEEL PLANT 


Actuals consumption Mf primary sources of energy inputs to the total systent (entire: steel plant) and its original therpial values 
during the years 198 2/83 to 1986-87 





St. Items of primary sources of Unit YEARS 
No. energy sonics See oe se ee 


1982/83 1983/84 1984/85 1985/86 1986/87 








(0) (i) 











(2) (3) (4) (5) (6) (D 
1. (a) Blend:d chirgs coalto coke oven. T/A 1680331 1429744 1258951 1472382 1675969 
(b) Cilorific valus of the chaige . Keal/Kg 6384 6330 6366 6429 6522 
(c) Total heat input. .  .  . MGCal@ 10.727 9.050 - 8.014 9.466 10.931 
2. (a) Gascoal . ; : : . T/A 
(b) Cilorific valuz of the charge . Keal/Kg NIL NIL NIL NIL NIL 
(c) Total heat input . : ‘ . MGcal 
3. (a) Stceamcoal(Non-coking) —. . TIA 212084 255862 240459 221064 239255 
(b) Calorific valuc . 5 : . KCAL/KG 6000 6000 ; 6000 “6000 6000 
(c) Total heat input . ‘ : . MGCAL 1.273 1.535 1.443 4,326 1.436 
4. (a) Coke purchascd . : ‘ . TIA 7050 136696 173186 179781 50213 
(b) Calorific value . . .  « KCAL/KG 5180 5200 5400 5180 5826 
(c) Total heatinput . : : . MGCAL 0.:0365 0.7108 0.9352 0.9313 0.2925 
5. HYDROCARBONS : 
(a) (i) LVFO ; ‘ : . TA 2558 4892 17746 23493 6415 
(ii) LDO/HSD . : ; . TA 0 0 0 3488 4330 
(iit) LSHS . : . : . T/A 121874 93525 88392 77896 49201 
(b) Cualorific value of (i). : . KCAL/KG 9690 9690 9690 9690 9690 
Culorific value of (ii). : . KCAL/KG 10000 10000 10000 10000 10000 
Calorific valuz of (iii) . : . KCAL/KG 9690 9690 9690 . 9690 9690 
(c) Total heat input of all hydrocarbons MGCAL 1.2779 1.0032 0.9534 0.9337 0.6014 
6. (a) Purchased electrical power . . MWH/A 288643 .3 291887.4 281071 .8 312821.2 315379.7 
(b) Equivalent thermal energy @ 4000 
Kwh -— 10.18 G. Cal. : . MGCAL 0.734597 0.742853 0.715328 0.796130 0.802641 
7. Totalenergy input. é . . MGCAL 14.0487 13.0423 12.0612 13.4534 14.0628 





1 MWH — 2.545 G. Cal. 
@MG CAL — Million Gega Calories (1 G. Cal =10* Calorie). 


INDIAN IRON AND STEEL COMPANY 


ANNEX - 2/2 (F) 


Actual consumption of prim®@ry sources of energy inputs tothe total system (entire steel plant) and its original thermal valucs during 
the years 1982/83 to 1986/87 





SL. [tems of primary sources Unit 


YEARS 





No. ofencigy no3 = 7 
1982/83 1983/84 








1984/85 1985/86 1986/87 





@) G3) 


(0) () 
1. (1) Coking coalas mixed charge to 
coke oven . : : ; . T 1784776 
(b) Calorific vaiuc of the charge . Keal/Kg 6400 
(c) Total heat joput : : . MG Cal 11.423 
2. (a) Steam goal tot ey EE 483676 
(b) Calovific Valu: . : ; . KealjKg 5500 
(c) Total heatinput . ‘ . MGCal. 2.660 
3. (a) Purchased‘coke from.outside source T 9787 
(b) Calorific Valu> . . : . Keal/KG 5850 
(c) Total heatinput . . ‘ . MGeal. 0.057 
4. (a) Furnace Oil/LDO/LSHS_ . ae 15382 
(b} Calorific Valuc . ; ; . Keal/KG 9750 © 
(c) Total heat input . : : - MG Cal 0.150 
5. (a) Purchased clectricity . . . MWH 117895 
(b) Total hzat equivalent of electrical 
powet ‘ : ; . . MGCal 0.300 
6. Totalenergyinput .- : : . MGCal 14.5901 








Note : MG CAL = Million Gega Calorics. 
Heat Equivalent of Elec. Power 


1 T.O.E. —- 10.18 Gcal = 4800 KWH (34 % efficiency) 


(4) (5) 


1650222 1307{23 


6280 6270 
10.363 8.196 
487915 516190 

5200 5700 

2.537 2.942 
33605 86230 

5400 5700 
0.181 0.492 
22716 34121 
9750 9750 
0.221 0.333 


132326 145625 


0.337 0.371 


13.6403 12.3328 


6) 


1209420 
5742 
6.944 


536995 
5007 
2.689 


293437 
5370 
1.576 


41677 
9750 
0.406 


155524 


0.396 


12.0111 


() 


1048578 
3746 
6.025 


556770 
4600 
2.561 


304279 
5370 
1,634 


38600 
9750 
0.376 


130000 


0.331 
10.9274 


SPECIFIC ENERGY CONSUMPTION AT COKE-OVEN PLANT 
(Annexes 3/1A to 3/1F) 


123- 124 
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ANNEX—3/1 (A) 
PROCESS CENTRE~WISE ENERGY CONSUMPTION 


Process centre —Coke ovens 
Unit—010 


Unit—GCalI/T of gross coke Production 








Ttem 1982/83 1983/84 1984/85 1985/86 1986/87 














Sl. 
No. 
(0) (1) (2) G) (4) (5) (6) 
(A) Energy Input 
1,Chargingcoal 2. wwe, 8.509 8.514 8.651 8.780 8.918 
RCOGw-. ss % « # & 0.343 0.338 0.289 0.260 0.207 
3R.BR.Gas 2. 2... 0.389 0.413 0.462 0.524 0.559 
4.FulOQiLDO. . . . . .., 0.025 0.030 0.006 0.012 0.030 
5.MB.Steam. 2... 0.181 0.161 0.170 0.190 "0.204 
6. Electricity 2 2... 0.067 0.066 0.077 0.077 0.075 
PASial ls .& ck. een Gh. 8. ge 9.514 9.522 9.655 9.843 9,993 
(B) Energy Output 
1.Coke. 1 5.620 5.668 5.676 5.764 5.823 
2.00.Ga . . . . . .. 1.534 1.555 1.586 1.564 1,689 
3. Crude Tar. . . : : ; . 0.318 0.334 0.336 0.314 0.332 
4.CrudeBenzol «we 0.042 0.049 0.048 0.039 0.048 
STotdles. Sm: eu a MAD ce Me 7.514 7,606 7.646 7.681 7.892 
(C) Netconsumption .  - .  . 2,000 1.916 2.009 2.162 2.101 
(D)YieldLoss 5 see, 0.995 0.908 1.005 1.099 1.026 
(E) Yield loss %tochargecoal =. ww, 11.69 10.66 11.62 12.52 11.50 


8. B.P, Coke/Gross (ratio) . . . . . 0.786 0.777 0.798 0.799 0.815 
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ANNEX..-3/1 (B) 
PROCESS CENTRE-WISE ENERGY COMSUMPTION 
Process centre—Coke oven ; 
Unit Code—022 
Unit-GCal/T of gross Coke prodn. 








S}. Item 











a 1982/83 1983/84 1984/85 “1985/86 1986/87. 
(0) ay 3 ee Se” ee OE 
(A) Energy Input 
1. Charging coal 8.277 8.337 8.378 8.366 8.370 
2. C.O. Gas 0.381 0.413 0.405 0.401 0.462 
3. B.F, Gas 0.340 0.328 0.493 0.484 0.447 
4. Fue) Oil/L.D.O. 
5. Steam . 0.246 0.239 0.196 0.232 0.255 
6. Power . 0.049 0.047 0.049 0.041 0.046 
7. Total . 9.493 9.364 9.521 9.544 0.380 
(B) Energy Output 
1, Coke 3.400 3,400 3.400 3.400 3.400 
2. C.O. Gas 1.464 1.316 1.498 1,333 332 
3. Crude Tar 0.282 0.303 0.319 0.319 0.312 
4. Total . 7.146 7,219 7.217 7.232 7.244 
(C) Net consumption 2,347 2.340 2.304 2.292 2.336 
(D) Yield Loss 1.131 1.116 1.161 1.14 1.126 
(E) Yield loss %to charge coal 13.664 13.410 13.858 13.316 13.433 
8. B.F. Coke/gross (ratio) 0.897 0.897 0.897 0.897 0.897 
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PROCESS CENTRE-WISE ENERGY CONSUMPTION 
Process centre—Coke oven 














Annexure.—-3/{(c) 


Unit Code—021 


Unit—GCal/T of gross coke prodn. 





























Sl. Item “1982/83 1983/84 1984/85 1985/86 1986/87 
No. 
(0) + a a (2) (3) (4) (5) (6) 
( A) Energy Input 
1. Charging coal 9.008 8.995 9.034 0.139 9.137 
2. C.0. Gas 0.420 0.469 0.472 0.487 0.413 
3. B.F. Gas 0.349 0.303 0.297 0.288 0.370 
4. Fuel Oil/L.D.O. 
5. Steam . 0.089 0.151 0.118 0.106 0.099 
6. Power . 0.052 0.058 0.061 0.062 0.061 
7. Total 9.918 9.940 9.982 10.082 10.08 
(B) Energy Output 
1. Coke 5.871 5.857 5.884 6.054 6.093 
2. C.0. Gas 1.486 1.489 1.599 1.506 1.540 
3. Crude Tar 0.287 0.284 0.278 0.270 0.284 
4. Total . 7.644 7,630 7.671 7.830 7.917 
(C) Net consumption 2.274 2.310 2.211 2.252 2.163 
(D) Yield Loss ; 1.364 1,365 1.363 1.309 1.220 
(E) Yield loss %to change chal 15.140 15.189 15.090 14.320 13.350 
8. B.F. jeake Grom (ratle)- 0.872 0.872 0.872 0.872 0.872 
ANNEXURE.@3/} (D) 
PROCESS CENTRE—WISE ENERGY CONSUMPTION 
Process centre—Coke oven 
Unit Code—024 
Da SON of mere prodn. 
“$l Item oe 1982-83 «1983-84 1984.85 1985.86 1986.87 
No. 
© re ) (2) (3) (4) (5) (6) 
(4) Energy Input 
1. Charging coal 9.314 8.987 8.600 8.636 9.159 
2. C.O. Gas 0.230 0.277 0.398 0.381 0.367 
3. B.F. Gas 0.682 0.610 0.385 0.396 0. 448 
4. Fuel Oil/L.D.O. 
5. Steam . 0.261 0.229 0.221 0.182 0.178 
6. Power . 0.023 0.023 .021 0.021 0.022 
7. Total 40.510 10.126 9.625 97 616 10.174 
(B) Energy Output 
, 1, Coke 6.200 6.200 6.200 6.200 6. 200 
2. C.O. Gas 1.429 1.390 1.435 1.406 0.118 
3. Crude Tar 0.299 0.310 0.346 0.349 - 0.351 
4. Total . 7.928 7.900 7.981 7.955 . 6.669 
(C) Net consumption 2.582 2.226 1.644 1.661 3.505 
(D) Yield loss 1.386 1.087 0.619 0.681 2.490 
(EZ) Yield loss %to chong toa 14, 881 12.095 7.198 7.886 27.186 
8. BF. Cokeigross (ratio) 0.821 0.825 0.850 0.837 








0.847 


8.B.F. 








C3ke/Gross (ratio) . 
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ANNEX.—3/1(E) 
PROCESS CENTRE-WISE ENERGY CONSUMPTION 
Process centre—Coke oven 
Unit Code—023 
Unit—GCal/T of Gross coke prodn, 
Item 1982/83 1983/84 1984/85 1985/86 1986/87 
lo. 
pee em ie hs 
(0) (1) (2) (3) (4) (3) (6) 
(A) Energy Input 
1. Charging Coal 7.677 7.705 7.712 8.123 7.968 
2. C.O. Gas 0.606 0,652 0.552 0,444 0.285 
3. B.F. Gas 0.319 0.397 0:629 0.528 0.567 
4, Fuel Oil/L.D.O. 
5. Steam . 0.352 0.459 0.499 0.503 0.028 
6. Power . 0.072 0.082 0.082 0.078 0.062 
7. Total . 9.026 9.295 9.474 9.676 8.910 
(B) Energy Outpu 
1, Coke 5.180 5.200 5.400 5.180 5.826 
2. C.0. Gas 1.342 1.358 1.201 1.365 1,422 
3, Crude Tar 0.255 0.256 0.209 0.246 0.256 
4. Total . 6.777 6.814 6.810 6.791 7.504 
(C) Net Consumption 2.249 2.481 2.664 2.885 1,406 
(D) Yield loss 0.900 0.891 0.902 1,332 0.464 
(E) Yield loss %10 cherg: ¢ eal 11,720 11.560 11.700 16.400 6.820 
8. B.P. Coke/Gross (ratio) . ‘ 0.851 0.860 0.777 0.873 0,856 
ANNBX.-3/1(F) 
PROCESS CENTRE-WISE ENERGY CONSUMPTION 
Process centre—Coke oven 
Unit Code—025 
Unit—GCaI/T of gross coke pradn 
Sl. Item 1982)83 1983/84 1984/85 1985/86 1986/87 
No. 
(0) (1) (2) (3) (4) (5) (6) 
(A) Energy Input 
1, Charging Coal 0.208 8.327 8.182 7.609 7.587 
2. C.O. Gas 0.649 0.619 0.637 0.646 0.679 
3, B.F. Gas 0.312 0.291 0.331 0.399 0.442 
4. Fuel Oil/L.D.O. 
5. Steam . 0.255 0.321 0.422 0.458 0.522 
6. Power . 0.050 0.050 0.050 0.056 0.062 
7. Total 9.474 9.608 9.622 9.168 9,292 
(B) Energy Output 
1. Coke . 3.400 5.400 5.700 5.370 5.378 
2. C.O. Gas 1.393 1.400 1.341 1.374 1,406 
3. Crude Tar 0.273 0.263 0.260 0.24! 0.256 
4. Total 7.066 7.063 7.301 6.985 7.040 
(C) Net consumption 2.408 2.545 2.321 2.183 2.252 
(D) Yield loss : : . 1.142 1.264 0.881 0.624 0.547 
(E) Yield loss % to change coal 13.910 15.180 10.770 8.200 7.210 
0.765 0.743 0.772 0.830 


0.820 


SPECIFIC ENERGY CONSUMPTION OF SINTER PLANT 
(Annexes - 3/2A to 3/2E) 
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ANNEXURE --3/2(A) 


Energy consumption per tonne of sinter production (Nett) 
Process centre-sinter plant 
Unit Code—010 
Unit--G.Cal/T 


"1982-83 1983-84 1984-85 1985-86 1986- 


Sl. Item 





No. 87 
(1) (2) (3) 4) 6) (6) 1) 
“1. Coke-Breeze. 0.529 0.499 0.511 0.492 0.493 
2. Full BF .0207 0.207 0.025 0.027 0.028 
CO 0.045 0.046 0.042 0.039 0.033 
3. Steam . 0.025 0.025 0.027 0.022 0.020 
4. Power . 0094 0094 0.101 0.013 0.104 





Total. 


. 0.720 0.691 


0.706 0.683 0.678 


ANNEXURE—3/2(B) 

Energy consumption per tonne of sinter production (Gross) 
Process Centre-Sinter Plant 

Unit Code—022 

Unit-- G.Cal/T 


1982- 1983-1984. 1985. 








Sl. Ttem 1986- 
No. 83 84 85 86 87 

QQ) (2) (3) (4) (5) (6) (1) 
1. Coke-Breeze. 0.654 0.677 0.398 0.341 0.594 
2. BF. Gas 0.038 0.031 0.028 0.033 0.038 
3. C.O. Gas 0.036 0.031 0.043 0.058 0.070 
4. Steam . Steam is not consumed 

5 BaWer. 0.106 0.122 0.107 0.107 0.127 

Total "0.834 0.881 0.776 0.739 0.829 


ANNEXURE-3/2(C) 
Energy Consumption per tonne of Sinter Production (Gross) 
Process Centre-Sinter Plant 
Unit Code—02! 
Unit- G.Cal/T 


Si. Item 











1982- 1983- 1984. 1985. 1986. 
No. 83 84 85 86 87 
1) (2) (3) (4) (S) (6) (7) 
1. Coke Breeze. 0.585 0.599 0.592 0.591 0.519 
2. Fuel 0.117 0.11 0.128 0.133 0.128 
3. Steam . Steam is not consumcd 
4. Power . 0.238 0.232 0.238 0.238 0.202 

0.94 0.941 0.958 0.962 0.849 


Total 


Sl. Item 


Si. Item 


ANNEXURE—3/2(D) 
Energy consumption per tonne of sinter Production (Gross) 


Process Centre-sinter Plant 


Unit Code— 024 
Unit—G.Cal/T 








1982-1983. 1984. 1985. 1986. 
No. 83 8485 8687 
() (2) (3) (4) (5) (6) (7) 





1. Coke-Breeze. 0.722 0.707 0.699 








0.704 0.697 

2. B.F. Gas 0.066 0.064 0.061 0.066 0.060 

3. C.0.Gas 0.021 0.025 0.045 0.041 0.044 
4, Steam Steam is not consumed 

5. Power . 0.119 0.116 0.12 0.123 0.114 

Total 0.928 0.912 0.925 0.934 0.915 

ANNEXURE—3/2(E) 


Energy Consumption per tonne of sinter Production (Gross) 
Process Centre-sinter Plant 
Unit—Code— 023 


Unit—G.Cal/T 


1984. 


1982- 

















1983- 91985- 1976. 
No. 83 84 85 86 87 
(Ky 2) (3) (4) a) (6) (7) 
1. Coke-Breeze. 0.543 0.569 0.641 0.596 0.641 
2. Fuel 0.079 0.095 0.088 0.109 0.129 
3. Steam . No Steam is used 
4. Power . 0.138 0.194 0.167 0.185 0.17 
Total 0.76 0.858 0.896 0.89 0.94 





SPECIFIC ENERGY CONSUMPTION AT BLAST FURNACE 
(Annexes 3/3A to 3/3F) 


133-134 
652 Industry /89—-22 
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ANNEXUKE---$/3(A) 


Process Centre-wise. Energy--Cansumption. Proc:ss Centre-~—Blast .Furnace . 
Unit Code - 010 
Unit---G.Cal/T of Het 


























Metal 
SI. Item . Source consump- «1982-83. «1983-84 =—«1984-RS «1985-86 1986-87 
No. tion 1986-87 
(1) (2) G) (4) (5) (6) (7) (8) 
“lh Coke. of. 8. OL SST YT 4.579» 4427 4.394 4.536 . 4.396 
2! Steam So Bee ee. ye 2° HATE 0.138 0.160 0.137 0.118 ». 0.119 
‘3rElectricity 2 0. 0... «14.62 Kwh/T 0.047 - 0.047 0.044 0.050 . 0.044 
“Ho Sinter 9°. 2S 0.6399/T 0:443 - 0.424 0.402 0.390 0.354 
5.BF.Gas).  . °l tt. 840Nm2/T 0.788 0.778 0.746 0.744: ° 0.737 
6. Mixed Gas/COG Loo. 7.90Nm*/T 0.020 0.021 0.022 0.027 0.034 
7.Total(Inpu) 2 | 6.015 5.837 5.745 5.865 5.684 
8.B.F.Gas(Output) 2... 1.691 1.617 1.566 ‘1.726 1.707 
9. Netconsumption . .  .. 4.324 4.220 4.179 4.139 3.977 
ANNEXURE—.3/3(B) 
Process Centre-wise Energy Consumption Process Centre —Blast Furnace 
Unit Code- 022 
Unit—G.Cal/T of Hot Metal 
“Si. Tem | Specific Consumption 1982-83 1983-84 1984-85 1985-86 1986-87 
No. Ge eh +. .~ factor in 1986-87 
(1) (2) (3) 4 ~ © (6) (7) (8) 
oko nee a2 + ge OTT 4,562 4.518 4.361 4.003 3.925 
‘2, Stam 3. «Ot 028 TIT 0.113 0.124 0.109 0.096 . 0.096 
3. Power. ©. ‘ : ; ; . 10.747 Kwh/T 0.029 0.032 0.031 0.027 0.027 
4. Sinter » & So & & .o 0FFTE 0.929 0.947 0.854 0.776 0.860 
5.BF.Gas . . «2141 Neot/T 0.632 0.658 0.820 0.581 0.551 
6. Oxygen Oo... 0.161 Nma/T 0.303 0.380 0.307 0.344 6.402 
4. Total (Input) 6.568 6.659 6.282 5.827 5.861 
§. B.F. Gas (Output) 2.083 2.080 1.963 1.882 1.801 
9. Consumpiion 4.485 4.579 4.319 . 3.945 4.060 





Sl. Item 
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ANNEXURE- 3/3(C) 


Process Centre-wise Energy Consumption Process Centre - Blast Furnace - 





Unit Code—-021 
Unit—G.Cal/T of Hot Metal 


1 1986 1 985-86 4986 87 








Specific consumption 1982-83 1983-84 198485 

No. factor in 86-87 
(1) (2) (3) (4) (5) (6) (7) (8) 
1. Coke . 0.706 T/T 4413 4281 417 «24407 4.3 
2. Steam 0.157 T/T 0.116 0.109 0.108 0.115 . 0.104 
3. Power. 23.2 Kwh/T 0.085 0.08 0.082 0.072 0.058 
4. Sinter © + 1.058 T/T 1.047 1.044 1.14 1.119 0.938 
5, B.F.Gas - . 0.741 M3/T 0.976 0.835 0.789 0.783 0.648 
6. Hot Blast* . 1.549 1.494 1.387 1.398. 1.312 
7. Total (Input) 8.186 7.843 7.676 7.894 7.36 
8. B.F. Gas (Output) 2.38 2.157 1.934 2.002 1.97 
9. Net Consumption 5.806 5.686 5.742 5.892 5.39 
*Includes steam in Turbo Blast & fuel gas in stove. 

ANNEXURE-3/3(D) 





SI. Item 
No. 





(1) (2) 
1. Coke . - 
2, Steam 

3. Power 

4. Sinter 

5. B.F. Gas 
6. Oxygen 


7. Total (input) 
8. B.F. Gas (out put) 


9. Consumption 


Process Centre-wise Energy Consumption Process Centre---Blast Furnace 





Unit Code-—024 
Unit—G.Cal/T of Hot Metal 








Specific consumption 1982-83 1983-84 1984-85 1985-86 1986-87 
factor in 86/87 
(3) (4) (5) (6) (7) (8) 
0.792 T/T 5.517 5.485 5.289 $.027 4.909 
0.148 T/T 0.145 0.132 0.132 0.094 0.113 
12,268 Kwh/T 0.033 0.034 0.035 0.032 0.031 
0.728 T/T 0.659 0.746 0.791 0.653 0. 666 
648 Nm*/T 0.736 0.678 0.640 0.602 0.584 
14.95 Nm3/T 0.035 0.045 0.038 0.033 0.037 
7A25 7.120 6.925 6.44! 6.340 
2.247 2 .068 1.746 1.730 1.748 
4.878 5.052 5.179 4.71] 


4.592 
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ANNEXURE—3/3(E) 
Process Centre-wise Energy Consumption Process Centre—-Biast Furnace 
Unit Code— 023 
Unit.--G.Cal/T of Hot Metal 








“Sl ttm ———~C~*CS:CS pcecifi Consumption 982-83 1983-84 «1984-85 1985-86 1986-87 
No. factor 1986-87 
(1) @) (3) (4) (5) (6) (7) (8) 

“TG@ke. oo. .TOUOCt”:~«<S!:*=‘GOOTT””~‘“‘“i«‘ *SMSN:«‘zST:*“‘B!!CCOSSC«é CT 
2Stam oo... 0919 T/T 0.927 1.119 1,135 1.065 0.708 
3. Electricity . 3. 27,909 Kh /T 0.067 0.071 0.072 0.067 0.070 
4.Siter 3. we, OO TIT 0.409 0.333 0.462 0.437 0.405 
S.BF.Gass . . .). 893 NMB/T 0.614 0,638 0.591 0.663 0.698 
6. Hot Blast. : : ‘ , ‘ -- _ : os 
7. Total ( Input) : ; : : . 9.469 9.732 10.098 8.282 $.342 
8.BF.Gas(uput) .  . . 2.069 2.148 2.185 2.135 2.241 
9. Consumption . . . 1.4 7.584 7.913 6.147 6.101 


ANNEXURE- .3/3(F) 
Process Centre-wise Energy Cousemption Process Centre— Biast Furnace 
Unit Code— 025 
Unit.--G.Cal/T of Hot Meta} 





Sl. Item “Specific consumption 1982-83 1983-84 1984-85 1985-86 1986.87 
No. factor 1986-87 

(1) (2) Q) (4) (5) (6)  @ 
Coke... ONS TT 5.4 5,691 6.772 5.67 5.459 
2. Steam ; ' F i . . 1.170 T/T 0.728 0.765 1.041 0.676 0.792 
3. Electricity . , ‘ . ‘ - 36.33 Kwh/T 0.106 0.413 0.146 0.518 0.109 
4.BF.Gas . .  .) .).), 856.NM3/T 0.739 0.732 0.891 0.798 0.759 
S.Total(inpu) www, 6.973 7.301 8.82 7.262 7,119 
6. B.F.Gas(Outpul) =. ww, 2.546 2.366 2.708 2.471 2.499 
7. Consumption ; ‘ : : ‘ 4.427 4.935 6.112 4.791 4.62 


Tete i ce tte eae ret ne ee Oe ee Oe ET pe Ee oe tee et ee eee nae ee 


SPECIFIC ENERGY CONSUMPTION OF STEEL MELTING SHOPS 
(Annexes 3/4A to 3/4F) 
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Annexure— 3/4{A) 
PROCESS CENTRE-WISE ENERGY CONSTRUCTION 
Unit-Code/ 10 
PROCESS CENTRE—OPEN HEARTH SHOP 
; Unit—G Cal/T cf open Hearth 














Si. Item 1982-83 1983-84 1984-85 1985-86 1986-87 

No. 

(0) Q) (2) . B) (4) (5) (6) 
1. CO Gas Mixed with BF & LD Gas... . : 0.123 0.110 0.126 0.115 0.139 
2. C.T.F.JPCM. ; : : : : - 0.393 0.389 0.363 0.356 0.398 
3. F.OUI/L.S.H.S. . : ‘ P . 5 é 0.463 0.406 0.407 0.457 - 0.419 
4. Steam ‘ - : : F s ‘ < 0.031 0.034 0.036 0.041 0.040 
§. Electric Power . : ‘ F $ : 2 0.033 0.035 0.037 0.040 0.041 
6. Oxygen. . ‘ : ‘ Z ; 2 sv 0.057 0.062 0.068 0.061 

TOTAL ‘ ‘ : ‘ ‘ é 7 . 1.043 1.03! 1.031 1.077 1.098 
Annexure— 3/4(A) 


PROCESS CENTRE-WISE CONSUMPTION 
Unit Code- 010 


PROCESS CENTRE-S.M.S. LD. SHOP 
Unit— G Cal/T of Steel Cast 























soem 1982-83 1983-84 1984-85 1985-86 1986-87 
No. 
(0) (1) (2) (3) (4) (5) (6) 
A. Energy Input 
1, Stream. ‘ . z : ‘ ‘ ’ i 0.0013 0.0012 0.0010 0.0008 
2. COG . : : : : ‘ Z : ey 0.077 0.163 0.160 0.131 
3. Electric Power . : ; ‘ : ; : we 0.1461 0.1921 0.1737 0.1446 
4. Oxygen. : : : F 7 , - ae 0.1187 0.1338 0.1284 0.1211 
5. Nitrogen ‘ : : F , : : os 0.0666 0.0560 0.0607 0.0483 
ToTaL ss. . 2 ; P - : : oe 0.4097 0. 5461 0.5238 . 0,4458 
B. Energy Output ; ‘ 
!, L.D. Gas Recovered : ‘ : : : . ies ies wie 0.0147 0.0486 
C. Nett Consumption . : ‘ . : < re 0.4097 0.5461 0.5091 0.3972 
D. LD Gis Recovery (M32/t) ; : ; 5 ais bed wate 45.00 45.96 








652, Ind./89—23 
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Annexure 3/4(B) 


PROCESS CENTRE-WISE ENERGY CONSUMPTION 
Unit Code—022 
PROCESS CENTRE- QPEN HEARTH SMS 


Unit— GCal/T of Production 


SI. Item 1982-83 1983-84 1984-85 1985-86 





1986-87 











No 

(0) (1) () (3) (4) (5) (6) 

1. Use of hot metal/T of Stee! Prod. (in Kg.) . A 830.000 803.000 837.060 850.000 880.000 

2. Use of Scrap (in kg.) . : . - : : 257.000 291 .000 274.000 297.000 297.000 

3a. C.O. Gas ; 

3b. CTF/PCM 

3c. F.Oil/LSHS° 

3d. Steam : : : : : 
Total (a + b +¢ + d) . % : 7 . 0.542 1.032 1.032 1.019 1.110 
Oxygen. ; ; é : : e 0.103 0.097 0.110 0.107 0.136 
Electricity j ; : . : : j 0.027 0.034 0.033 0.033 0.038 
Grand Total. ‘ é : i : . 1.072 1.163 1.175 1.159 1.284 





Separate values for C.O. gas, Ctp/pcm, F. oil/Lshs and Steamare not available from the Units. 





Annexure3/4(B) 


PROCESS CENTRE-WISE ENERGY CONSUMPTION 
Unit Code - -022 




















PROCESS CENTRE-—LD SHOP> © 70 UU 
Unit---GCal /T of Producticn 

Sl. Item 1982-83 1983-84 1984-85 1985-86 1986-87 

No. 

(0) (1) (2) (3) (4) (5) (6) 
1. Use of hot metal/T of Steel Prod. (in Kg.) . j 933.800 981.500 
2. Use of Scrap (in Kg.) ; . ‘ : ; 177.700 141.600 

3a. C.O. Gas 

3b. Steam 
3. Total (a +b) . ‘ ; F F : ‘ 0.127 0.140 
4. Oxygen. : : . . ‘ ; ‘ 0.169 0.169 
5. Electricity “ ‘ : 7 : : 0.098 0.068 
6. Grand Total. - . S 2 : 3 0.394 0.377 











Separate values for C.D. gas and Steam are not aviable. 
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PROCESS CENTRE ‘WISE ENERGY CONSUMPTION 
PROCESS CENTRE—ELD SHOP SMS 





SI. Item 
No. 





(0) qd) 





Annexure~ 3/4 (C) 








1. C.0. Gas 
2. Steam 
3.. Electricity 
4. Oxygen 





5. Total 




















Unit Code— 021 

Unit GCal/T of Hot Metal 

1982-83 1983-84 1984-85 1985-86 1986-87 
(2) (3) (4) (5) (6) 
0.039 0.051 0.037 0.041 0.053 
NA 0.113 0.106 0.103 0.091 
0.074 0.094 0.116 0.117 0.113 
0.279 0.259 0.265 0.251 0.241 
0.392 0.517 0.524 0.512 0.498 


Note : This plant has no Open Hearth Steel Melting Shcp. 


NA -~ Not available. 





Sl. , Ttem 
No. 





(0) a) 


. Mixed Gas 
C.T.F. 
. Oxygen 





Steain 


vA FF wn e 


. Power 





6. Total 





PROCESS CENTRE-WISE ENERGY CONSUMPTION 


PROCESS 








(0) (1) 


J. Oxygen 
2. Steam 


3. Power 


4. TOTAL 





CENTRE- OPEN HEARTH SHOP 








1982-83 1983-84 
{2) (3) 
0.656 0.668 
0,594 0.566 
0:078 0.11 
0.254 0.246 
0.082 0.059 
 1.63h6SS«* 649 





PROCESS CENTRE-WISE ENERGY CONSUMPTION 


PROCESS CENTRE—LD SHOP 


1982-83 


(2) 
0.125 
0.080 


0.059 


0.264 


1983-84 


(3) 
0.124 
0.079 
0.066 








0.269 








Annexure— 3/4 (D) 


Unit Code— 024 


Unit-GCal/T of Producticn 





0.262 

















1984-85 1985-86 1986-87 
(4) (5) ‘ (6). 
0.745 0.7046 0.691. 
0.457 0.441 0.454 
0.112 0.098 0.088 
0.199 0.206 0.216 
0.054 0.05 0.058 
1.567 1,499 1.507 
Annexure— 3/4(D) 

Unit Code— 024 

Unit—GCcal/T of Hot Metal 

1984-85 1985-86 1986-87 
(4) (5) (6) 
0.121 0.122 O14! 
0.077 0.070 0.089 
0.064 0.060 0.063 
0.260 0.293 
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PROCESS CENTRE-WISE ENERGY CONSUMPTION 
PROCESS CENTRE—OPEN HEARTH SMS 








“$l Item 1982-83 1983-84 1984-85 
No. ; 

(0) () (2) (3) (4) 

ASGOsG. cho te) “aoe 0.193 0.179 0.176 
2. CIP/PCM 0.285 0.270 0.223 
3. F.Oil/LSHS 1.200 1.081 1101 
4. Steam 0.435 0.519 0.511 
5. Power 0.079 0.087 0.083 
5. TOTAL 2.192 2.136 2.104 


Note : This plant has no LD shop. 


SI. Item 


2. CoalTar . 
8. Fuel Oj! . 
4. Steam 

5. Power 

6. Oxygen 

7. B.F. Gas . 


8. TOTAL 








PROCESS CENTRE-WISE ENERGY CONSUMPTION 


PROCESS CENTRE— OPEN HEARTH SMS 








1982-83 1983-84 1984-85 1985-86 
(2) (3) (4) (5) 
0.822 0.928 0.883 0.673 
0,547 0.560 0.525 0.421 
0.046 0.096 0.259 0.257 
0.428 0.494 0.565 0.453 
0.041 0.044 0.045 0.042 
0.014 0.016 0.021 0.016 
_ 1898 2.138 2.298 1.862 


Note : This plant has no LD shop. 


Ann. sure—-3/4(E) 
Unit Code—-024 


1985-86 


(5) 
0.348 
0.397 
0.850 
0.458 
0.083 
2.136 





Unit —- GCal/T of Production 





1986-87 


(6) 
0.611 
0.352 
0.510 
0.328 
0.083 
1.884 


Annexure—3/4(F) 


Unit Code. 025 


Unit— GCal/T of Production 





1986-87 


(6) 


0.620 


0.495 
0.169 
0.523 
0.050 


0.018 





1.875 


SPECIFIC ENERGY CONSUMPTION AT DOWN-STREAM 
ROLLING AND FINISHING SHOPS 


(Annexes 3/5(A) to 3/5(F) 
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Annexure- -3/5(A) 
ROLLING MILLS 
Unit Code—-010 
SPECIFIC ENERGY CONSUMPTION AND YIELD RATES. 


Per tonne of end product 








Mill Unit 1982-83 1983-84 1984-85 1985-86 1986-87 


Blooming Mill Number 1 
Tngot requirement 














Blooms. . : : : Tonne 1.098 1.110 1.104 1.103 1.100 
Slabs : é ; : . Tonne 1.157 1.183 1.143 1.153 "14,172 
Heat : : ‘ : ‘ . 108K cal 260 280 270 277 272 
Electricity rs <7) 29.80 29,77 27.52 27.50 28.07 
Blooming Mill Number 2 
Ingot requirement 
Blooms. : . z F . Tonne 1.096 1.102 1,108 1.107 1.108 
‘Slabs : t : : : . Tonne 1.204 {195 1,111 1.188 1.203 
Heat : . . . ; . 10Keal 250 260 260 26! 255 
Electricity ; 4 : : . kwh 31.85 32.82 31.0 31.71 30.78 
Sheet Bars & Billet Mill Number 1 
Ingot requirement. : : : . Tonne 1.128 1.143 1.140 1.135 1.128 
Electricity ; . . : . kwh 35.89 36.27 31.81 42.84 42.61 
Sheet Bar & Billet Mill Number 2 
Tngot requirement 
Sheet Bar (TCIL) —. : ; . Tonne {113 1.140 1.133 1.129 1.134 
Othrs . : ; : : . Tonne 1.138 1.129 1.129 1.136 1.137 
Electricity ‘ ‘ : : . kwh 44.71 43.39 46.35 48.16. 41.23 
Heavy Structure Mill : 
Ingot requirement 
Rails : . ‘ : : . Tonne i251 {.239 1.255 Ba ee 
Bars/Structurals. F 4 : . Tonne 1.222 1.245 1.287 1.291 - 1.278 
Heat . : : : ; . 108Kcal 730 760 110 - 724 837 
Electricity a Sg? OR yt og See 146.82 180.39 171,30 188,57 253.61 
Medium & Light Structural Mill 
Ingot requirement : . 2 . Tonne 1.240 1.234 1.276 1,279 .1.289 
Heat Coe ee 108K cal 380 350 360 362 352 


Electricity : ; : : . kwh 170.41 194.69 157.14 187.86 203.80 
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ROLLING MILLS 


SPECIFIC ENERGY CONSUMPTION AND YIELD RATES 


1982-83 to 1986-87 








*The plant was carlier knowa as Wheel, Tyre & Axle Plant and from 1983-84 has been renamed as Bar Forging & 





Mill Unit 1982-83 
Merchant Mill Number 1 - 
Ingot requirement Tonne 1.191 
Heat 10°k cal 380 
Electricity kWh 43.46 
Merchant Mill Number 2 
Ingot requirement Tonne 1.190 
Heat j 10%k cal 370 
Electricity kwh 82.39 
Strip Mill 
Ingot requirem. nt Tonne 1.220 
Heat : 103k cal 440 
Electricity kwh 82.99 
Sheet Mill 
Ingot requirement Tonne 1,522 
Heat : 10*K cal 1000 
Electricity kWh 249.37 
Bar Forging & Tyre Mill* 
Ingot requirement 
Tyre Mill Tonne 1,818 
Bar & Forging Products Tonne j.238 
Heat 
Tyre Mill 108k cal 2370 
Bar Forging Products. 10®K cal 
Electricity 
Tyre Mill kWh 435.03 
Bac & Forging Procduts kWh 
Plate Mill 
Tngot requirement Tonne 1.376 
Heat 10°-K cal 750 
Electricity kWh 99.16 


1983-84 


1.205 
350 
39.44 


1.204 
330 
84.60 


1.230 
390 
75.37 


1.586 
1040 
238.20 


1.825 
1.633 


2590 
2170 


502.92 
256.18 


1.375 
730 
88.58 


1.199 
330 
16.77 


1.217 
390 
68.55 


1.569. 


1030 
203.77 


1.734 
1.483 


2280 
1740 


442.67 
364.37 


1.355 
10 
82.53 


Annexure 3/5—-(A) 


Unit Code—010 


Pertonneofend product 


1985-86 


1,199 
350 
84.45 


1.209 
37t 
64.96 


1.561 
1092 
219.08 


1.676 
1.448 


1782 
1654 


446.69 
248.93 


1,382 
734 
85.95 











1986-87 


1.203 
420 
45.43 


1.203 
386 
83.95 


W122 


1.544 
1065 
229, 33 


2190 
1253 


594.63 
241.26 


Tyre Mill, 
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ROLLING MILLS 


SPESIee ENERGY. CONSUMPTION AND VELD RPTES 





Annexure— 3/5 (B) 


Unit Code- 022 








Mill ; we Unit "1982-83 1983-84 1984-85 1985-86 1986-87 
‘Blooming Mill 
Heat per tonne of ingots Rolled . 108K cal 442 440 485 401 577 
Eleciricity per tonne of Bloom (prime) kWh 22.4 23.8 22.4 25.2 26.5 
Yield of Shear Percent 87.6 87.9 88.1 $8.4 86.2 
Billet Mill (Prime) 
Electricity per tonne of Billets kWh 23.2 24.0 24.4 24.3 28.7 
Yield from ingots Percent 87.1 87.4 88.3 87.4 87.2 
Yield from Blooms Percent 97.1 97.4 97.5 97.6 / 97,3 
Rail & Structure Mill , 
Heat per tonne of Blooms Rolled 10°K cal $24 597 844 800 856 
Electricity per tonne of kWh 68.5 74.8 14.9 72.0 76.8 
Rails & Structurals Rolled 
Yield from Ingots to Rails (finished) Percent 77.7 78.2 76.4 75.1 76.1 
Structurals (finished) Percent 16.7 16.5 19.4 72.3 74.6 
Yield from Blooms to Rails (finished) Percent 93.5 93.3 93.4 93.2 92.7 
Structurals (finished) Percent 90.6 $9.1 89.9 89.2 90.6 
Overall at Hot Saw ercent 92.6 92.2 92.5 92.5 92.3 
Merchant Mill 
Heat per tonne of Billets Rolled . 10% cal 758 771 686 685 728 
Electricity kWh 57 57 55 58 60 
Yield from Ingots : . Percent $3.9 84.7 84.2 83.3 84,2 
¥ield from Billets. f : . Percent 95.5 96.3 94.4 95.0 85*6 
Wire Rod Mill 
Heat per tonne of Billets Rolled 10*K cal 564 674 528 $27 518 
Electricity kWh 95.5 110.7 97.4 93.2 93.8 
Yield from Ingots Percent 82.1 81.5 83.4 82.7 82.3 
Yield from Billets Percont 95.5 94.9 95.5 95.5 95.4 
Plate Mill 
(Per tonne of Slabe rolled) 
Float i : 16*K cal 900 728 
Electricity kWh 374.2 333 
Nitrogen . ; : F : . m 2.38 2.7 





652 Indusicy /89-—24 


Mill 


SPECIFIC ENERGY CONSU 





Unit 





Slabbing Mill 
Per tonne of Ingots Relled 


Hot Strip Mill : 
Per tonne of Slabs Rolled 


Hot Rolled Coil Finishing 


Per tonne of H.R. Coils Sheared 
Yield at Shearing Line 


Cold Rolling Mili 
Heat Per tonne of C.R. Coils 


Electricity per tonne of cold rolled 
proaucts 


€old Rolled Coil from Hot RcHed Coil 
Cold Rolled Silt Coil from Cold Rolled 


‘Heat 


Klectricity 
¥ield at Shear . 


Heat 


Electricity 


Yields from Slabs 


H.R. Coils 


Water 


Electricity 


Yield : 


_ Picking line 
_ Tandem Mill 


Skin Pass Mill . 


Cold Rolled Sheet frem Cold Rolled 


Coil! 


Coil 





10%K ca 
kWh 


Percent 


| 


10%K cal 


kWh 


Percent 


Percent 


m 
kWh 


10*K cal 


kWh 


Percent 
Percent 


Percent 


Percent 


Percent 


Percent 
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ROLLING MILLS 


1982-83 


a 


421 


83.9 


932 
92 


96.2 


20 


457 


173 


94°5 
99.6 
98.9 


93.1 


97.5 





MPTION AND YIELD RATES 


"1984-85 





"1983-84 

456 441 
27 27 
81.6 81.8 
903 913 
101 99 
96.7 96.8 
96.3 96.8 

4 4 

25 25 
527 431 
194 169 
94.6. 94.7 
99.3 99.5 
98.7 98.9 
92.7 93.2 
94.9 98.9 
97.4 97.7 


Annexure-—3/5 (€) 


Unit Code— 021 


1985-86 


496 
23 
84.8 


999 
93 


96.9 


96.2 


20 


95.7 
99.4 
99.6 


94.7 


98.4 


"1986-87 


595 


84.8 


Wi 
98 


97.0 


92.7 
99.5 
98.4 


91.7 
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Annexure—3/5(D) 
ROLLING MILLS 
Specific Energy Consumptier and Yield Rates—-Unit Code--024 
Per tonne of end product 





Mill Unit 1982-83 1983-84 1984-85 1985-86 1986-87 


yee a, kl re a Sn Le” oat encarta Lio inl a manent Diet ihenanme be 








Slabbing Mill 





) 


H.at ? : : : : . 108K cal 367 341 327 326 318 
Electricity (including soaking pit) . kwh 35.88 36.34 35.24 34.14 35.46 
Yield from ingots. . F . Percent 84.0 837 $3.9 85.2 84.3 
Plate Mill 
Heat : : : : : . 10*Kcal 731 637 632 626 599 
Electricity . 2 : : . kwh 119 128 128 126 119 
Yield from Ingots. : : . Percent 70.1 69.8 70.0 70.8 72.4 
Yicld from Slabs : . . . Percent 83.5 83.4 83.5 83.1 85.9 
Lot Strip Mill 
Heat : ; : : F . 10K cal 544 499 498 515 546 
Electricity 5 F $ F . kwh 140 138 135 134 127 
Yieldfrom Ingots : os . Percent 80.3 80.2 20.3 81.5 80.4 
Yield from Slabs : f : . Percent 95.6 95.8 95.7 95.7 95.4 
Electric Sheet Mill 
Yieid at Hot Mill . ; : . Percent 89.8 87.5 89.9 90.0 90.7 
Yield at Automatio Cutting Plant . Percent 85.5 85.9 86.2 86.9 86.7 
Yield from Hot Rolled Coils : . Percert 75.3 75.2 77.5 78.2 73.1 
Old Rolling Mill 
Heat : : F j : . 10%K cal 912 891 864 744 788 
Electricity . . . : . kwh 245 244 233 214 232 
Yield from Ingots 
Cold Rolted Sheets. : : . Percent 61.3 62.1 67.3 66.8 64.8 
Tin Plate (Electrolytic) : ‘ . Percent yb7a7. 57.4 57.3 PP, a 
Galvanized Sheets. ‘ . . Percent 70.2 70.6 71.1 72.1 69.6 
Pipe Plant (ERW) 
Electricity : x - is - kwh 76.9 75.0 85.0 89.0 82.0 
Yieldfrom Ingots. F : . Percent 69.8 71.2 71.4 71.1 71.2 
Yield from Hot Rolled Coils. . Prcent 86.9 88.8 88.6 87.3 88.5 
Pipe Plant (SWPP) , 
Electricity ‘ - : : . kwh 88.0 124.0 118.0 108.0 124.0 
Yield from Ingots. 3 ‘ . Percent 74.9 72.6 73.6 75.2 


Yield from Hut Rolled Coils. . Percent 93.3 90.5 91.7 92.3 92.9 


ee ee 





Se ase oo aaa SOE ern one — — * aaa Sy ae - 
~ - oars aerate ae fp gen ge er creme 
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ROLLING MILLS 


Specific Energy Consumption and Yield Rates—--Unit Code—. 023 





pee 





Mill Unit 
Blooming Mill 
Heat 10®K cal 
Electricity kwh 
Yield Percent 
Bilot Mill 
Electricity kwh 
Yield - Percent 
Section Mill 
Beat - 10%K cal 
Electricity kwh 
Yield ‘Percent 
Merchant Mill 
Heat “108K cal 
Electricity kWh 
Yield Percent 
Sleeper Plant 
Heat 10*K cal 
Electricity kwh 
Sield Percent 
Fish Plate Plant 
Electricity kWh 
Yield 
Fish Plate cut to bar Percent 
Fish Plate finish to out Percent 
Fish Plate finish bar Perccat 
Skelp Mill 
Heat 108K cal 
Electricity kWh 
Yield Percent 
Wheel Plant 
Heat 10*K cal 
Electricity kWh 
Yield 
Whecls forged frem blocks Percent 
Finish wheels from ingots Percent 
Axle Plant 
Heat 108-K cal 
Electricity kWh 
Yield 
Axle forged from blooms Percent 
Finished Axle from blooms Percent 
Finished Axle from ingots Percent 





the eer 


Lan ta 


1982-83 to 1986-87 





1982-83 
500 540 
35.4 41.2 
$5.1 90.2 
24.7 33.5 
95.1 95.6 
710 660 
100.4 108.9 
93.1 92.2 
390 676 
69.2 115.2 
$5.7 94,2 
300 360 
33.3 29.9 
96.0 93.3 
27.0 23.2 
84.5 95.9 
57.6 97.6 
92.2 93.6 
690 760 
112.3 104.6 
$3.5 93.6 
2630 2820 
156.9 170.9 
80.1 81.4 
39.1 36.6 
2590 2210 
516.4 522.4 
$0.8 91.7 
45.4 49.6 
32.1 36.6 


1983-84 


1984-85 


490 
43.0 
80.7 


36.7 
93.0 


710 
108.8 
92.1 


590 
98.7 


94.6 


370 
36.3 
98.5 


17.7 


98.7 
97.6 
84.4 


830 
100.8 
91.9 


3520 
212.5 


80.8 
36.8 


2730 
484.1 


86a2 
48.3 
36.8 





Se ane li aie nag ih lates 





Annexure—3/5(E) 


1985-86 





1986-87 

490 480 
40.5 38.8 
90.4 89.3 
29.8 28.8 
92.0 93.5 
630 640 
120.8 114.0 
90.7 80.2 
440 460 
74.6 717.6 
95.6 - 95.0 
390 320 
38.1 30.8 
93.3 90.2 
24.0 22.8 
88.4 95.7 
.97.6 97.6 
$4.1 $3.4 
680 600 
101.8 83.9 
91.9 92.8 
2630 -2340 
181.9 183.5 
82.98 84.24 
42.8 44,71 
2350 1460 
403.5 380.6 
93.3 92.8 
54.1 56.0 
39.2 40.4 





Unit: Heat input is per tonne of the charge weight basis while electricity is per tonne of and product at cach Mill. 
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Annexure—3/5() 

ROLLING MILLS 
Specific Energy Consumption and Yield Rates Unit Code—-050 
: Per tonne of cnd product 


err AR = ae eee me _ 











Mill Unit 1982-83 1983-84 1984-85 1985-86 1986-87 
Blooming Mill 

Heat : : ; : F . 10%Keal 858 797 866 897 848 

Electricity : é : ‘ . kWh 29.2 31.6 34.5 25.7 25.1 

Yield from Ingot ‘ . : . Percent 88.85 90.59 90. 83 90.97 90.59 

Billets & Sheet Bar Mill 

Electricity : ‘ j i . kWh 25.2 27.7 26.3 25.5 . 25.1 

Yield from Blooms. : ‘ . Percent : 

Square Billets. ‘ : : . Percent 96.02 95.76 95.29 94.40 94.10 

Square Blooms : , : . Percent 94.37 94.31 | 94,77 94.50 94.17 

Sheet Bers =. w SstSSCS”sé@P erent 85.77 85.19 94.89 94.77 94,21 

Slabs = : : me ° 4g . Percent 94.06 92.29 93.38 93.47 93.57 

Flats er ; : : . Percent 95.38 94.90 93.94 93.76 ' 98.90 
Hearty Structural Mill ; : 

Heat : ; : : F . 10%Keal 738 666 728 616 572 

Electricity ; : : . . kWh 146.6 115.2 128.9 124.6 121.0 

Yield from Blooms . . : . Percent 91.42 90. 67 89.21 88.52 88.67 
Light Structureal Mill 

Meat : : : ‘ . . 10%Keal 147 885 911 885 7 

Electricity ; : ‘ : . kWh 57.60 63.90 59.02 51.54 51.00 

Yield from Billets. : : . Percent 91.65 91.49 91.28 91.37 91.38 
Merchant & Rod Mill 

Heat 9. wee ee 10K call 524 660 650 588° 578 

Electricity ; ‘ : ; . kWh 67.70 72.80 67.97 63.52 62.54 
Yield from Billets F . P . Percent 95.32 95.30 95.39 95.81. 95.83 
Sheet Mill 

Heat : . : ‘ ; - 10%-Keal 1720 : 1836 1582 1572 1244 

Electricity : : : : . kWh 168. 60 228.60 199.57 158.98 | 202.34 

Yield at Bar yard. : : . Percent 97.44 97.42 97.53 97.27 97.31 

Roughing Mill . ‘ : Z . Percent 93.10 98.00 97.72 98.15 99.38 

Friisting Mill. ‘ , ‘ . Percent 79.48 80.53 82.38 82.50 82.28 

Sheet. Bar to Black Sheets . 7 Percen) 75.70 78.98 78.50 78.78 79.57 

™ yield 
Black Shsets . eM .. Percent 79.99 80.79 79.56 79.87 78.8 
Giivanised Sheets. : . Percent 











80.10 80.91 79.73 79.98 79.9 





ELECTRICITY— GENERA TED/PURCHASED-/CONSUMED 


154 











Si. Plant 1982-83 1983-84 
No. : Boe Bet tah 
MWH %  MWH 
A—-010 
1. Gen. inthe Plant 611265 59.63 649231 
2. Purchased . 413790 40. 37 456295 
3, Total F . 1025055 100.00 1105526 
Consumption 
4. Opcrational . 624886 6882999 
5. Total : . 025055 1105526 
B—-022 
-1. Gen.inthe Plant) 219732. 25.17 325494 
2. Purchased . 653357 74.83 632221 
3. Total . . 872889 100. 00 957715 
Consumption 
4. Operational . 752064 834624 
5. Total F . 856562 941911 
Cc—021 
1. Gen.inthe Plant 578249 44.54 532124 
2. Purchased . 720031 55.46 809531 
3. Total : . 1298280 100.00 1341655 
Consumption 
4. Operational 996970 ‘1049657 
5. Total =. . 1109378 1150270 
D--024 
1. Gen. inthe Plant 432900 48.54 370100 
2. Purchased .. 458900 51.46 317600 
3. Total F . 891800 100. 00 887700 
4. Operational! . 739500 721500 
5. Total é . 891800 887700 
E--023 
1. Gen. in the Plant 77013 21.06 68624 
2. Purchased . 288643 78.94 291887 
3. Total Consumption 365654 100.00 360511 
4. Operational . 279988 270680 
5. Toral . . 336794 329925 
P—.025 ; 
1. Gen. inthe Plant 14907] 56.01 124452 
2. Purchased . 117095 43.99 132326 
3. Total Consumption 266166 100. 00 256778 
4. Operational N.A. N.A. 
5. Total ‘ : N.A. 


ene ee teas oe 


N.A. 


=e 


58.73 
41.27 


100. 00 


33.99 
66.01 
100. 00 


39.66 
60. 34 
100.00 


41.69 
58.31 
100. 00 


19.04 
80.96 


100.00 


48.47 
51.53 


100. 00 


1984-85 1985-86 
MWH % MWH 
725330 61.51 730143 
453902 38.49 488441 
1179232 100.00 1218584 
740614 700915 
1179232 1218584 
368560 32.25 457938 
774330 67.75 908603 
1142890 100.00 1366541. 
1014586 1215966 
1123164 1343826 
621052. - 43.21 565893 
816330 56.79 930090 
1437382 100.00 1495983 
1135524 1182583 
1126127 1465578 
398400 40.00 395604 
597600 60.00 558617 
996000 100.00 954221 
768100 74679 
996000 954221 
63477 18.42 66100 
281072 81.58 312821 
"344549 =:100 00 ~— 378921 
252059 279691 
317006 348608 
101676 41.11 108024 
145625. 58.89 = 155524 
247301 100.00 263548 
N.A. N.A. 


% 





N.A. 


N.A. 





59.92 
40. 08 
100.00 


33.51 
66.49 
100.00 


37.83 
62.17 
100.00 


41.46 
58.54 
100. 00 


17.44 
82.56 


100.00 


40.99 
39.01 


100.00 


N.A. 


Annex.--3/6 
1986-87 
MWH 
759577 62.92 
447640 37.08 
1207217 100.00 
691565 
1207217 
421923 29.30 
1017904 70.70 
1439827 100. 00 
1283360 
‘1414379 
611408 41.91 
847580 58.09 
1458988 100. 00 
1140178 
1239568 
299458 31.21 
659923 68.79 
959381 100.00 
748110 
959381 
65470 17.19 
315380 82.81 
380850 100.00 
258335 
354653 
132435 50.46 - 
130000 49.54 
262435 100.00 
N.A. 





UNITWISE BALANCED FLOW ENERGY CONSUMPTION PER TONNE 
OF (a) HOT METAL, b) INGOT AND (c) CONTINUOUS 
CAST SEMIS DURING 1982/83 TO 1986/87 


Annexes -3/7 (a to g) 


15$156 
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ANNEX—3/7(a) 
Unitwise comparison of Balances Enérgy Flow Consumption Per Tonne of Hot Metal 
At Blast Furnace During the Period 1982 -83 to 1986-87 








Unit-- G. Cel/t 





8. No. figm Yoar 010 022 021 024 023 025 B.S.C. 








1986 Data 
1. Hot Metcl’s N.tctége cneigy 1982/83 4.324 4.485 5.806 4.878 7.4 4.427 
G. C../tp at Blast Furnece 1983/84 4.22 4.579 5.686 5.052 7.584 4.935 
(x) 1984/85 4.179 4.319 5.742 5.179 7.913 6.112 3.35 
1985/86 4.139 3.945 5.892 4.711 6.147 4.791 
1986/87 3.977 4.06 5.39 4.592 6.101 4.62 
2. (a) Sintcr Stege Encrey/ip (a) (a) 1982/83 0.72 0.854 0.94 0.928 0.76 
(b) 0.737 1.087 1.067 0.711 0.57 
(a) 1983/84 0.691 0. 881 0 941 0.912 0 858 Sinter 
(b) 0. 742 0.175 1.05 0.818 0.407 Plantdoes not exist 
(b) Sinter Us ge T/THM (a) 1984/85 0.706 0.778 0.958 0.925 0.896 (2) 0 553 
(b) (b) 0.695 1.097 1.024 0.855 0.539 
(a) 1985/86 0.688 0.739 0.982 0.934 0.89 (b) 1.044 
(b) 0.7 1.05 1.112 0.7 0.475 
(a) 1986/87 0.678 0.829 0.849 0.915 0.94 
(b) 0.639 1.837 1.066 0.728 0.418 
3. Sinter Energy /THM 1982/83 0.58 0.93 1.00 0. 66 0.43 
(4 by=(y) 1983/84, 0.51 0.95 0 99 0.75 0.35 
1984-85 — - 0.49 0.85 0.98 0.79 0.48 0.577 


1985/86 0.48 0.78 1.07 0.65 0.42 
1986/87 0.43 0.86 0.90 0.67 0.39 


4. (c) Coke Siege Ene:gy/:p (a) 1982/83 2 2.347 2.274 2.582 2.249 2.408 
(c)  (b) 0.816 0.823 0.752 0.89 0.901 1.072 
(a) 1983/84 1.916 2,345 2.31 2.226 2.481 2 545 
(b) 0. 782 0.816 0.731 0 855 0 935 1.054 
(d) Coke Urege Rate T/THM (a) 1984/85 2.009 2.304, 2.311 1.644 2 664 2.321 (a) 1.549 
(d). (b) 0.781 0.787 0 709 0.853 0. 883 1.188 
(a) 1985/86 2.162) 2.292 2.252 1.661 2.885 2.183 (b) 0.555 
(b) 0.793 0.723 0.728 0.811 0 869 1.056 
(a) 1986/87 = 2.101 2.336 2 163 3.505 1.406 2.252 
(b) 0.757 0.709 0.706 0.792 0.899 1.015 
5, Coke Enuigy/THM 1982/83 1.63 1.93 1.71 2.30 2.03 2.58 
(e+e)=(z) 1983/84 1.50 1.91 1.69 1.90 2.32 2. 68 
1984/85 1.57 1.81 1.64 1.40 2.35 2.16 0.806 
1985/86 1.71 1.66 1.64 1.35 2.51 2.31 
_ 1986/87 1.59 1.66 1.53 2.78 1.26 2.29 
6. Total Energy 1982/83 6.49 7.34 8.52 7.84 9.86 7.01 
(x-Ev-4-7) 1983/84 6.23 7.44 8.36 7.70 10.25 7.62 
1984/85 6.24 6.99 8.36 7.37. 10.75 8.87 4.733 
1985/86 6.33 6.36 8.60 6.71 9.05 7.10 


1986/87 6.00 6.58 7.82 8.03 7.76 6.91 





652 Indusiry/89.. 25 
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ANNEX —3/7(b) 
/01 5/027J071 


Unitwise Comparison of Balance Flow Energy Consumption Per Tonne of Crude Steel Cast (Ingot) through Open Health Furnace Route 





Unit—G. Cal/tcs 





























“S.No. Tem Year 10. «= 022~S*~*«~AC(“‘i a; (OS 

1, Beleneed Flow En rgy/t of Hot Met: | 1982/83 6.49 7.34 7.84 9.86 7.01 

(x) 1983/84 6.23 7.44 7.70 10.25 7.62 

1984/85 6.24 6.99 7.37 10.75 8.87 

1985/86 6.33 6.38 6 Tt 908 7.10 

1986/87 6.00 6.58 8.03 7.76 6.91 

2. [Pt Motelte Coude Sticfratic at OHP 1982/83 0.602 0.83 0.559 0.846 0.99 

(a) 1983/84 0.627 0.803 0.619 0.830 1.002 

1984/85 0.614 0.837 0.595 0.872 1.003 

1985/86 0.606 0.85 0.565 0.875 0.978 

1986/87 0.618 0.88 0.572 0.863 1.034 

3. Ste ge Enei gy ai OHF/tcs 1982/83 1.043 1.072 1.634 2.192 1,898 
a a re on 

1983/84 1.031 1.163 1649 2.136 2.138 

1984/85 1.031 1.175 1.567 2.104 2.298 

1985/86 1.077 1.159 1.499 2.136 1,862 

1986/87 1.098 1.284 1.507 1.884 1,875 

4. Total Energy /tes through Open Hee. th Furnaces ute 1982/83 4.95 7.16 6.02 10.53 8.84 

y=xa+b 1983/34 4.94, 7.14 6.42 10.68 9.77 

1984/85 4.86 7.03 5.95 11.48 11.19 

1985/86 4.91 6.58 5.29 10.08 8.81 


1986/87 4.81 7.07 6.10 8.58 9.02 


--No Comparison with Britich St elec. ald b> made as there is mo Oren Hearth Furniccs at British Stect. 
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ANNEX—3/7(c) 
/015/027/071 


Unitwise Comparison of Balanced Flow Energy Consumption Per Tonne of Crude Steel Cast (Ingot) through LD Converter Route 











Unit—- G.Cal/tcs 

















S. No. Items Year 010 022 021 024 —sBS.C. 
1986 

DATA 
1, Balanced Flow Energy/t of Hot Mitel 1982/83 6.49 7.34 8.52 7.84 
(x) —- 1983/84, 6.23 7.44 8.36 7.70 

1984/85 6.24 6.99 8.35 7.37 4.733 
1985/86 6.33 6,38 8.6 6.71 
1986/87 6.00 6.58 7.82 8.03 
2, Hot Metalto Crude Steelratio at 1D Converter 1982/83 — — 0.918 1.038 
(a) —- 1983/84, 0.986 — 0.941 0.028 

1984/85 1.035 — 0.937 1.017 0.892 
1985/86 1.035 0.936 0.935 1.019 
1986/87 1.006 0.982 0.955 0.054 
3. Stage Energy at LD Convertc1/tes 1982/83 Ss we 0.392 0.264 
(b) 1983/84 0.4097 5 0.517 0.269 

1984/85 0.5461 — 0.524 0.262 0.32 
1985/86 0.5091 0.394 0.512 0.26 
1986/87 0.3972 0.377 0.498 0.293 
4. Total Energy/tcs through LD Converter 1oute 1982/83 0.00 0.00 8.21 8.40 
y=x+ta-+b 1983/84 6.55 0.00 8.38 8.18 

1984/85 7.00 0.00 8.36 7.76 4 54 
1985/86 7.06 6.37 8.55 7.10 





1986/87 6.43 6.84 7.97 8.73 





There does notexist aay LD converter at Durgapur and IISCO 
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ANNEXURE—3/7(d) 
Production and Stage Energy (GCal/T) at the pro cess centre continuous casting at 010 and 022 


Unit---GCal/te 
ate ee, set Sa 


























Sl. Item of Consumption of Energy 010 — 022 B.S.C. 
No. ete A al emckenen ate eae ORG 
1983/84 1984/85 1985/86 1986/87 1985/86 1986/87 DATA 
(0) (1) (2) (3) (4) (5) (6) () 8) 
1 Production(T/A) tees Seo A, a 42921 152177 219225 324716 = 369735613941 
2. (i) C.Q. Gas (Mixed) tS te, te 0.078 0.066 0.051 0.031 0.045 0.053 0.019 
(ii) Stcam ¥ 7 i sé a s5 0.002 
(iii) Electricity. 9.) 0.153 0.165 0 155 0.126 0.072 0.077 0.098 
(60) (65) (61) (49.7) (24) (26) 
(iv) Oxygen 0.003 0.005 








TOTAL . : 3 : : 0.231 0.231 0.206 0.157 0.117° 0.133 0.124 














Figuresin the paranthesis represent Electrics] Power in Kwh. 


ANNEXURE—3/7(c) 
Balance Flow Enérgy Consumption on per Tonne of Crude Steel Cast (SEMIS) through LD-CUM-CON Cast Route 





Unit—Gcal/tcs 






































SI. Items of Consumption of Energy 010 022 —_ 
ne 1983/84 1984/85 1985/86 1986/87 1985/86 1986-87 - 
(0) (i) (2) (3) (4) (5) (6) (7) 
“4. Balanced Flow Energy/tes through LD Route (a) 6.550 7.000 7.060 6.430 6 370 6.840 
2. Yield Correction Factor 
=: Ingot yield/Con Cast 
=0 .97/0 .98 =0 .989 (b) 0.989 0.989 0.989 0.989 0.989 0.989 
(a) x (b)= (c) 6.478 6.923 6.983 6.359 6.300 6.765 
3. Stage Energy at Con Cast (d) 0.231 0.231 0.206 0.157 0.124 0.139 
4. Total Energy/tcs(Balanced Flow) ()+d) 6.709 7.154 7.188 6.516 6.424 





Unitwise Comparison of Balance Flow Energy consupiption Per Tonne Of Crudé Ste2l Cast T. 





“Si Item Year 
No. 





1. Production of 82/83(a) 
Cast Steclin, 000 (b) 
T/A Through (c) 

83/84 (a) 

(a) OHF--Ingot —_(b) 
(c) 

(b) LD—Ingot 84/85(a) 
(b) 

(c)Ld—Con cast (c) 
85/86(a) 

{b) 
() 

86/87(a) 

(b) 

{c) 

2. Balunad 82/83(a) 
Flow Energy (b) 
ly cai/tcs (c) 

83/84(a) 
ib) 
(c) 
84/85(a) 
(b) 
(c) 
85/86(a) 
(b) 
(c) 
86/87(a) 
(b) 
(c) 

3. Balanced 82/83(a) 
Flow Energy/T (b) 
of Cast Steel (c) 
with Product (d) 

Mixat SI.1 
83/84(a) 
(b) 
(c) 
(d) 
84/85,a) 
(b) 
(c) 
(4) 
35/86(a) 
(b) 
(c) 
(¢) 
86/87(a) 
(b) 
() 
(d) 


010 





1941 
0 
0 
{562 
862 
43 
1432 
466 
152 
1406 
470 
219 
1375 
351 
325 
4.95 
0 
0 


4.94 
6.55 
6.709 


4.86 
7.00 
7.154 


4.91 
7.06 
7.188 


4.3) 
6.43 
6.516 
4.950 
0.000 


4.950 


3.923 
1.205 
0.147 
3.275 
3,395 
1.591 
0.530 
3.517 
3,295 
1.584 
0.751 
5.630 


2.938 
1.574 
0.941 
5.453 
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ANNEXURE-~3/7(f)) 





wough (a) Open Hearth Furnaces (4) LD 








Converter and (c) LD Converter-cuyt-Continuous---caster 
Unit— Geel /T 
022 021 024 023 
% % ve 70 % 025 
(100) 2130 (100) 0 (0) 231-—(19.3) 952 (100) 824 (100) 
(0) 0 (0) 1829 = (100) 923 (80.7) 0 (0) 0 ( 
(0) 0 ( 0 (0) 0 (80.0) co) (0) a 
(79.4) 1837 (100) 0 (0) 814 (19.7) 800,100) 543-100) 
(18.4) 0 (0) 168! (100) 874 (80.3) 0 (0) 0 (0) 
(8.8) 0 (0) 0 (0) 0 (0.0) 0 (0) 0 (0) 
(69.9) 1925 (96.3) 0 (0) 243 (21.7) 760 ~=(100) 444 = (100) 
(22.7) 73 (3.7) 1925 (100) 876 (78.3) 0 (0) 0 (0) 
(7.4 0 0 0 (0) 0 0.0) 0 (0) 0 (0) 
(67.1) 1841 (69.7) v (0) 24d (20.5) 875 Chon) 563 (100) 
(32.4) 454 (16.7) 2003 (100) ~—«935— (79.5) 0 (0) 0 (0) 
di0.5) 370 (13.6) 0 (0) 0 (0) 0 (a) 0 (0) 
(61.1) 1526 (53.7) 0 (0) 198 (18.0) 922 (100) 523 (100) 
(24.5) 704 924.8) 2056 (C0) 902 (82.0) 0 On 0 W) 
(4.4) 614 (31.6) 0 (0) 0 (0) 0 (0) 0 (0) 
7.16 0 6.02 10.53 8.84 
0 8.21 8.4 0 0 
0 0 1) 0 
7.14 0 6.42 10.68 9.77 
0 8.38 8.18 0 0 
0 0 0 0 0 
7.03 0 5.95 1i.48 W1.19 
0 8.36 7.76 0 0 
0 0 0 0 0 
0.58 0 5.29 10.08 8.81 
6.37 8.55 71 0 0 
6.424 0 0 0 0 
7.07 0 6.1 8.58 9.02 
6.84 1eOT 8.73 0 ‘0O- 
6.904 
7.160 0.000 1.163 10.500 8.840 
0.000 8.210 6.777 0.000 0.000 
0.000 0.000 0. 000 0.000 0.000 
7.160 8.210 7.940 10.530 8.840 
7.140 0.000 1,263 10.680 9.770 
0.000 8.380 6.571 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 
7.140 8.380 7.834 10.680 9.770 
6.773 0.000 15292 11.480 11.190 
0.000 8.360 6,07) 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 
6.773 8.360 7.367 11.480 11.190 
4,583 0.000 1.084 10.080 8.810 
1.065 8.550 5.645 0.000 0.000 
0.875 0.000 0.000 0.000 0.000 
6.524 8.550 6.729 10.080 8.810 
3.794 0.000 1.098 8.580 9.020 
1,693 7.970 7,159 0.000 0.000 
1.491 0.000 0.000 0.000 0.000 
7.970 8.257 8.580 9.020 
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ANNEXURE-- 3/7(g) 


Unitwise Comparison of Bulanced Flow Energy Consumption Per Tonne of Semis (Bloom Billet and Slab) through Primary Rolling of Ingots 








023 





024 











Unit— Geal/T of Semis 











Si. ttcm 010 021 023 025 B.S.C. 1986 
No. Data 
1 > i 3 4 5 6 7 8 9 10 
1, Balanced Flow Energy Consump-  82/83(a) 4.950 7.160 6.020 10.530 8.840 
tion/T of Inget through (b) 1.000 1.000 0.193 1.000 1.060 
(c) 8.210 8.400 100°, LD 
(d) 1.CG0 0.807 LL.D. Stage 
(a) OHF Route (Ingot) (c) 4.950 7.160 8.210 7.941 10.530 8.840 Energy=.320 
(b) Usage Factors (OHF) 83/84 (a) 4.940 7.140 6.420 10.680 9.770 ConCest 
(b) 0.812 1.000 0.197 1.000 1.000 tzgeencrgy 
(c) LD Route (Ingot) (c) 8.550 0.000 8. 380 8.180 =0.08 
(d) 0.388 1.000 0. 803 
(a) Uage Factor (LD) (e) 5.243 7.140 &. 380 7.833 10.680 9.770 
(ec) (OHF—LD)—Ingot 84,85 (x) 4.860 7 030 5.950 11.480 114.190 
a =(a xb)--(exd) (b) 0.754 1.000 0.217 1.000 1,000 
(c) 7.000 0.000 8.3600. 7.760 
(d) 0, 246 1.000 0.783 
(c) 5. 386 7.030 8.300 7.367 11.480 11.190 
85/86 (a) 4.910 6.580 3.290 10.080 8.810 
(b) 0.750 0.806 0.205 1,000 1.000 
(c) 7.060 6.370 $.550 7.100 
(d) 0/250 0.194 1.000 0.795 
(e) 5, 448 6 539 8.550 6,729 10 080 8.810 
86/87 (a) 4.890 7.070 6.100 8.580 9.020 
(b) 0.714 0.684 0.180 1.000 1,000 
(c) 6.430 6.840 7.970 8.730 
(d) 0.286 0.316 1.000 0.820 
(e) 5.273 6.997 7.970 8.257 8.580 9.020 
2. Yield Factors For 82/83 (a) 1.098 1,142 1,135 1,112 ) 
(b) 1.138 1.448 1.182 1.158 | 
(a) Bloom from Ingot (c) 1.204 1.192 1.190 1.182 | 
(c) Slab from Ingot 83/84 (a) 1.110 1.137 1.108 1.104 | 
(bd) 1.129 1.144 1.160 1.152 } 
Yield Factor—- (c) 1.195 1,225 1.194 1.196 | 
84/85 (a) 1.104 1.135 1.103 1.104 | 
(b) 1.129 1,133 1.148 1.158 | 
(c) 1.111 1,222 1.192 1.183 $1.04 
85/86 a 1.103 1,157 1,118 1.099 | 
b 1.136 1,144 1.165 1.164 | 
c 1.188 1.186 1.176 | 
1.486 1.173 | 
86/87 (a 1.100 1.160 1.119 1.104 | 
(b 1.137 1,147 1,171 1.117 | 
(& 1.203 1.179 (.479 1.186 1.179 J 
3. Stage Energy (Gcal/tp of §2)83 (a 0.331 0.493 0.590 0.922 
(b 0.445 0.558 0.652 0.996 | 
(a) Blocm (c 0.331 0.485 0.458 0.996 | 
83/84 (a 0.354 0.500 0.645 0.877 | 
(b) Billet (b) 0.463 0.561 0.730 0.947 | 
(c) 0.354. 0.524 0.433 0.947 | 
(c) Slab | 
84/85 (a) 0.338 0.542 0.599 0.953 | 
(b) 0.457 0.604 0.690 1.018 [ 
(c) 0.354 0.509 0.416 1.018 + 0.586 











1 2 3 4 
85/86 (a) 0.341 
(b) 0.459 
(c) 0.341 
86/87 (2) 0.333 
(b) 0.438 
(c) 0.333 
4. Balanced Flow Energy Gcal/T for 82/83 (a) 5.766 
(b) 6.078 
{c) 6,29] 
(a2) Bloom 
83/84 (a) 6.173 
(o) Billet (b) 6.382 
(c) 6.619 
(c) Slab 84/85 (a 6.285 
(b 6,538 
{ce 6, 308 
85/86 (a 6.350 
(b 6.647 
(c) 6.813 
86/87 (a 6,134 
(b) 6. 434 
(c) 6,677 


*__Slabs at Bhilaiare made through Continuous Casting Mechines: 
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5 6 8 9 10 

0.555 0.598 0.962 | 
0.617 0.668 1.027 | 
*0.554 0.412 1.027 | 
0.644 0.579 0.909 | 
0.717 0.652 0.973 | 
“0.656 0.408 0.973 J 
8.675 0.000 0.000 12.542 10.762 } 
8.778 0.000 0.000 13.098 11.223 | 
0.000 10.27) = 9.907 0,000, 11.445. | 
| 
8.618 0.000 0.000 12.478 11.663 | 
8.729 0.000 0.000 13.119 12.202 | 
0.000 10.790 9.786 0.000 12.632 | 
8.521 0.000 0.000 13.261 13,307 | 
8.569 0.000 0.000 13.869 13.976 | 

0.000 10.725 9.198 0.000 14.256 }4.872 Geal/T 

| of Semis 

8.124 0,000 0.000 11.862 10.644 | 
8.098 0.000 0.000 12.445 11.282 | 
7.756 0.554 0.412 0.000 11.388 | 
8.761 0.000 0.000 10.180 10.867 | 
8.743 0.000 0.000 10.699 = 11.048 | 
8.250 10.058 10.200 0.000 11.608 J 





MET ENERGY Consgun8D(6.CAL rum) 


NET BNEROY CONSOMED(OCAL /rnm) 


4 ed 4 me 
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ACTUAL ENERGY CONSUMPTION PER TONNE OF HOT METALAS 


a ER PER FO 
FUNCTION OF SLAG PRODUCED PER TONNE OF HOT METAL. 





NET ENERGY CONSUMPTION =4 (SLAG PRODUCED) 
: | . 
¢ UNI T- O10 
y 
¢ 
¢ 
9 
¢ 
a 
” 
Sse i oe }i Cs cee eee nena summed 
a2 496 500 512 545 
SLAG IN KG PER TONNE OF HOT METAL 
> NET ENERGY CONSUMPTION = £ (SLAG PRODUCED) 
+ UNIT~ O22 
+ 
@. 
a 





RES 470 a4 di = 


SLAG IN KG PER TOMNE OF HOT METAL 
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ANNEX 5}2 


UNIT-WISE DETAILS OF VARIOUS INVESTMENTS MADE AND BENEFITS OBTAINED DURING 1982-83 TO 1986-87 
INRESPECT OF ENERGY CONSER VATOIN MEASURES UNDERTAKEN 


UNTT-_.024 





SI. Name of the Pcoject/Equipment, 
No. fnstrument Process Modifications 


Date of commissioning th: 


project and the tolal cost 








(0) (I) (2) 
1. Oxygen enrichment facility in Soaking January, 1982. 
Pits. Rs. 40 lakhs. 
2. Modification of Tuyere Stock in Blast June, 1984 
Furnace-IT. Rs. 22 lakhs. 
3. -do- in B.F.-TI April, 1987 


Rs. 35 lakhs. 


4. Cold Blast insulation of Blast Furnace-TV April, 1986 


5. Oxygen injection in OH Fee. 


6. Installation of Fast Firing Burner for 
Laddle heating in SMS. 


7. Replacement of Mercury Lamps by 
Navapur lamps. 


8. Introduction of KORF Technology in 
two OH Feces. 


9. Replacement of Recuperator in RH 
Fee.-I 


10. Gunnite Sealing of coke oven 


Tnstallation of ceramic fibre sealing in 
soaking pits. 


1t. 


42. Installation of bluff body burners in 
soaking pits. 


Installation of ceramic fibre sealing in 
Hood Annealing 


13. 


UNIT : 021 


1. Replacement of sand sealing by ceramic 
fibre for pit covers of soaking pits. 


2. Online rectification of steam leakage in 
power plant. 


3. Improvement of steamline insulation. 


4. Coke Oven gas firing facility in Lime 
Kiln No.2, 2 & 4. 


Rs. 3.6 takhs. 


December, 1984 
Rs. 4 lakhs. 


March, 1984. 
Rs. 1.8 lakhs 


Decentbe: . L985 
Rs. 6 lakhs: 


December, 1986 
Rs. 6.08 crores, 


November, 1987 
Rs. 94 lakhs: 
April, 1987 

Rs. 15 lakhs 


March, 1987 
Rs. 3 lakhs 


1985/86 
Rs. 7 lakhs 


Rs. 50,0€0/Fee. 


Completed in23 pits till 
March’87. Rs. 690000/- 
(Conversion cost).!- 


Rs. 390000/- per year maint. 


expenses. 


Carried ouf at 53 points till 
March’87. Rs. 45000/-. 
12500M2 area covered till 
March’ 87 


Completed in Sep’ 85. 
Capital cost Rs. 4712900'- 





Payback period 


Benefits in saving energy 





(3) 
Reducation in heating period of cold 4 years. 
ingots by 4 hrs. 
2000 Nu? /hr, of cold blast. 7 years. 
-do- 7 years, 
Reduction in coke 85 Kg/THM. 6 months 
Reduction in temp. drop incold blast 
32°C. 
5% reduction in heat consumption, 6 months. 
Laddle is being heated to 1000°C in -- 
6 hrs. compared to earlier temp. of 
600°C. 
5% reduction in power by these lamps. 6 years. 
Reduction in tap to tap time to 6 hrs. 3 years. 
from 11-12 hrs. Reduction of heat 
consumption to 0.9 Mkcal/T from 
1.1 MKeal/T. 
18% reduction in heat consumption 6 months. 


Reduction in Crass flue leakages and 
improvement in quality of coke oven 
gas. Reduction of N? in COG to 
7.99% from 12,2°% 
3% reduction in heat consumptionand 3 months 
i2crease in yteld. 


5°% reduction in heat consumption 6 months. 


-do- 1 year 


P-eliminary observations indicatc¢ a 
saving of 0.015 G.cal/T of ingot rolled, 
under closely monttored and 
controlled operating conditions, 
besides, improved life of side 
walls. Saving of fuel costing 
Rs. 1300000/- per year. 
Minimum saving of Rs. 500000/- per 
month. 
Not available, as prover assessment of 
seving is not possible due to 
insufficient instrumentation. 


Scving oF Rs. $8400000/- till Mar? 87 
by eplacement of Tar, 
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(0) 


a ae 


(2) 





5. 


Improved pellet scaling system in Sinter 
M/C. No.2. 


UNIT : 010 


i. 


LD Gas Recovery Unit 


Nov.’ 87 


The waste gas generated in LD Steel Making Dec.’ 80 


process has potential for use as a fuel. 


Tho plant consisting of gas holder, clean- 


ing units and the Booster for supplying 


the gas to the main system was put up to 


recover the gas. 


UNIT : 025 


1, 


N 


w 


. Fuel efficiency monitor. 


Installation of new gunnitting michine. 
This enables quicker and perfect gunnit- 
ting of C. Oven walls. 


oxygen analyser used to determine the 
O content in flue gas at the individual 
ovens effectively. 


. Tertiary gas cleaning plant. It ensures 


supply of super clean gas to coke ovens 
resulting in imp-oved thermal regime 
maintenance. 


. Modification of checker system at open 


hearth furnaces. Air pre heat temp. 
increases by ! 000°C. 


. Modernisation of combustion system of 


reheating fces. 


. Modification and commissioning of 


continuous rehzating furnace No. 2. 


UNIT : 022 


'. 


” 


Enrichment of oxygen in cold blast in 
BF-2. 


Increase in production of sinter to rated 


cap2icity so as to increase the percentage 


of sinter in Blast Furnace burden. 


3. Coal Dust injectionin BF.2 


See SE ee 
652, Industry /89—26 


Computerised combustion control of stoves 


This is a portable 





Rs. 800 lakhs. 


Nov, ’ 87 
7 lakhs 


June’ 84 
Rs. 30,000/- 


Nov’ 84 


1 crore 


In Dec’ 85 it was commis- 
sioned in ‘G’ fee and later 
extended to: other fees. 


Apr’ 83 in H.S. Mill, 
Oct’ 83 in LS Mill. 

May’ 84 in M&R Mill 
Fabricated.internally with 
Rs. 2 lakhs. 

Jul’ 86 
Rs. 3 lakhs 


31.8 lakhs 


16.5 crores 





@) G 








Increase in productivity by 7%. 
Assessment of thermal energy not 
possible. 


Rs. 29 lakhs in first year. 2 years, 
Increase in C.V. by 100 Kcal/CuM of 24 month. 
C.C. gas gnerated 
0.025 GCal/T of coal charged. 0.5 months. 
Cannot be quantified directly. i 
Thermal energy saving 0.15 GCal/t 12 months 


of ingot steel 


Minimum energy saving is 0.075 Gcal/t 6-12 months 
of charge, resulting in Rs. 27 lacs/ 
annum saving in thermal energy 
consumption. 


Thermal Energy 0.135 GCal/t of 35 days 


product. 


Increase in hot metal production. 
Decrease incoke rate. Improvement 
in hot metal quality. Trials indicate 
1.3% enrichment as optimum 
injection rate giving 6.2% increase 
in production and 3.0% reduction 
in coke rate. 


Increase in hot metal production. 
Decrease incoke rate. Improvement 
in hot metal quality (Chemical 
as wellas physical). Trials with 
75%sinter in burden have indicated increased 
production by 2.95% and decrease in 
coke rate by 6%. 


Replacement of metallurgical coal. 
Regular coal! duct injection started 
24 tuyers received from U.K. 

Increase jn thermal efficiency. Results 

in BF-7ill be watched where it will 
be tried first. 
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ANNEXURE 5/3 


UNIT-WISE PP UTURE PLANNING OF sean EHERCY. SORSERYATION easanagies 














Sl. (a) Energy Conservation Schemes/Pr ‘Ojects (a) Picsent Status Remarks 
No. (b) Estinaated cost at 1988 March. (b) Expected period of comple 
tion 
(0) (1) (2) Q) 
UNIT : 025 a _ 


1, Mechinised cleaning of Oven Doovs. 
Rs. 100 lakhs (Batt. No. IV) 


to 


. Installation of modified tuyere stock assemblies in 
B. Fee. No. 1V 
Rs. 94.5 lakhs 


3. Installation of coke feed control system for BF No. 
1,2 &3. 
Rs. 60 lakhs. 

4, Introduction of KORF in OH Fee. 3 & 4. 
Rs. 1600 lakhs. 


5, Tastallation of recuperators in R.H. Fee. 3 & 4. 
Rs. 90 lakhs (Zach Recuperator) 


6, Microprocessor based heating control inR.H. 
Furnaces. 

Rs, 250 lakhs. 

7. Strengthening of energy demand/supply control by 
installation of micro-processor based control system 
in F.C.R. (Energy Centre) 

Rs. 100 lakhs.’ 

8. Addl.c.leaning facilities for coke oven gas and blast 
foe. gas to reduce chokage and corrosion of COG 
anc Mixed gas lines. 

Rs. 200 lakhs. 


9. Modification of present burners with low steam 
consumption burners in Reheating Fusnaces. 
Rs. 10 lakhs. 


UNIT—022 
1. Door cleaning by use of the door cleaning machines 
as installed ia Battery No. 2. 
Rs. 98 lakhs. 


2. Partial briquetting of coal, 


3. Installation of pyrometer on coke guide for mca- 
suring coke mass temperature. 


Sanction being obtained. 
1988-89 


Sanctioned obtained. 
1989-90. 


Case processed for sanction 
under AMR Schemes. 
1990-9; . 


Proposed Scheme. 
1989-90. 


Sanction being obtained under 
AMR Schemes. 

Juns, 1988 

(RHF No. 3) 

(Dec. 1988 

(RHE No. 4) 


Scheme made ready. Sanction 
being obtained, 
1989-90. 


Scheme ready. Being processed 
for sanction. 
1989-99, 


4. Online monitorin g of Ash contents incoalcharge --. 


to Batterics. 
Rs. 40 lakhs. 





Cleaning of coors will result in reduction 
in COG leakages from oven coors and 
reducticn in cold 2ir ingress into the 
ovens. 


Installation of mecificd tuyere stock will 
result in reduction in hot blast leakages, 
Modified tuyere stock already ins. 
telled in B.F. If & II and proposed to 

’ be installed in B.F.-I in 1990-91. 

Nucleonic moisture gauge irsie] 

B.F. No. IV in Dec.’ 87, 


KORF introduced in OH Fee.t &2 in 

1987 and resulted in reduction in Sp. 

eat consumption to 0.75 MKcal/T from 
1.10 MKceal/T. 


Presently these rcheaiing furnaces are 
operating without recuperator. Tastalla- 


tion of recuperator will result in 
energy savings of the order of 15Yy 
Optimisation of availeble energy wil} 


result in better utilisation, reéuction in 
losses and stable fuel supply. 


Modification of burners is likely reduce 
Sp.steam consumptionic RH Fres. from 
0.7—0.8 T/T of oil at present to 0.2— 
0.3 T/T of oil. 


To bo introduced in all Batteries. Orders 
placec. Improvement ir: CO gas yield 
and door cleaning. 


Oréer has been placed. Improved coke 
quality and saving of metallurgice! coz]. 


Offer has been received from L&T. Case 

to be further processed. Uniform heating 

of coal will improve coke cuality end 
reduce fines. 


One number on line Ash moniter is being 
purchased. Will improve coke quality 
and yield. 





(0) 


5. 


13, 


15, 


16. 


17. 


. Conve sion 


(1) 








lastallation of modified ignition hood in Sintering 
Plant No.1. 
Rs. 1.4 crores, 


. Micro processor based combustion control in 


machine No. 3 & 4 of Sinter Plant No. 2. 


. Pre-heating of sinter mix. 


. Optimisation of thermal regime. 


. Upgradation of instrumentation and process contro! 


at sinter plant. 


. Heat recovery from sinter coolors. 


. Automation of BF-6 stoves to HOOGOVEN design. 


Rs. 20 crores, 


. Adhzrence to prescribed thermal and oxygon regime 


at OHF 


Reduction in track time 


. Microp-acessor based ombustion contro! in O.H. 


Fee. No. 9 


Conversion of existing 250 T Open Hzarth furnaces 
to twin Hearth KORF/EOF 


LD gas recove'y and injection in CO gas stream. 


Rs. 12.375 lakhs. 
Introduction of combined blowing LD steel! 


making. 
Rs, 107.8 lakhs. 


. Tmp-oved automation and instrumentation. 


one stab caster to bloom caster. 


. Micio-processor combustion contol in Boiler 


No. 5 in PP-1 


. Optimum generation of oxygen and its use. 


682 Industry /89-— 17 


By 8-8-89 





Machnine No. 2 miodified in Jan. ’88. 

Machine No. ! to be modified in April- 
May 1988. BEDB is working on estima. 
tes and drawings for machine No. 3 & 4 
to be ready by 1989 


Increased Sinter availability for BFs. 
Reduction of return Sinter. Expected 
benefits in coke rate due to quality 
Sinter. 


To be installed in machine No. 3 & 4 
along with machine No.4 commissioning 
ingin SP-II and then to extend to other 
machines. Fuel saving. 


P:oject is under implementation in all 
machines. Improvement in quolity of 
sinter, reduction in fuel. 


Quality Sinter. Reduction in fuel rate. 


Better monitoring for improved quality 
at reduced energy rate. 


Feasibility report under preparation by 
MECON. Waste heat recovery. 


Implementation duting next category-I 
repair in Apr. ’89. Increase in thermal 
efficiency along with stove life. 

1. Continuous efforts needed in this 

direction 

2. Improvement in automation and ins- 
trumontation needed. Saving of BF gas, 
CO gas, PCM and Oxygen in petrol fuel 
consumtion in the plant. 


Continuous efforts needed. Bunching to 
be avoided in operation of furnaces, 
Increase in charging temp. in S. pits 
saving of fuel, incroased productivity. 


Payback period is 17.5 months. Increased 
productivity and reduced fuel consum- 
piion. 

Proposal under consideration. Increased 
productivity and decrease in fucl con- 

sumption, 

Increased CO gas availability. Saving of 
petro fuel. 


Scheme awaits sanction of Board. Incrca- 
sed productivity at reduced energy rate. 


For automation USSR experts on Cencast 
awaited. Increased productivily at 
reduced energy rate. 


Improved utilisation of concast at higher 
yield and lower fuel consumption 
@—~ Unit installed is not working. Impreved 
combusion efficiency. 
Ontimum no. of units to run & SMS- 
sche9uling to behptimised. Less bleeder 
loss and saving ofeJect rical enargy. 





(0) qd) 
UNIT 010 
1, Introduction of KORF Process in Open Hearth 
Furnaces: 


The oxygen is supplied directly into the hot metal 

through the tuyers which are located at the back 

side of O.H. Furnace for effective use of 02. 

Investment for one operating KORE Furnace - - 
-4.0 crores. 


2, Replacement of the Recuperator in reheating 
furnace. 
Capital cost Rs. 20.0 lakhs approx. 


3. Installation of new recuperator and accessories 
Rehzating furnace of Strip Mill. 
Capital cost Rs. 128.0 lakhs approx. 


UNIT : 625 


1. fnstallation ofa tabular nittallic recuperator. The 
air preheat temp. will increase by 200°C from the 
present finned tube rzcuperator. 

Rs. 30 lakhs. 


2. KORF process of steel making This will replace 
our existing system of steel miking (Bessemer 
process and O.H. tce.). The encrgy consumption 
will decrease by adopting this process. 


3. Soaking Pit microprocessor based centrol for pit 
No. J ta 8. 
Rs. 49.5 lakhs. 


UNIT--021 


1, Improvement of steam line insulation. Rs. 50iakhs 


2. To install modified tuyer stock in two B.F. Rs, 175 
lakhs/furnace. 


3. Toinstall screening facilitics for limestone. Rs. 516 
lakhs. 


4. Insulation of cold blast main for 5 B.Fs. Rs. 27 
lakhs. 
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Commissioned from 3}-3-87, 


Jan. ‘88 


Sep. “88 


Dec. (9) 


Sep’ 88 (apprx.) 


1988-89 


Mar °90 


July 788 


December *88 


Jun °87 


Saving—-0.25 Geal/t. 
Production from KORF furnace-- 
100 heat/month. 
Heat Size----200t. 
Saving =0.21 x20,000G. cal/month 
=4200G cal/month 
Rs. 14 fakhs/month. 
@Rs. 330/G.cal 
= Rs. 160 Lakhs/annem. 
R.O.T. 42.25% 
Payback period...28.5 months. 


Expected saving in fuel consumpticn : 
0.3 Gcal/t Saving onthe basis of 140061/ 
month production. 

: 14,000 x 0.03 G.cal/month. 

= 420 Geat/month . 

=1.4 Lakhs/month @Rs. 335/Geal. 
16.8 Lakhs/annum. 
«ROUT. = 34.0°; 

Payback period : .)4.3 months. 


Expected Saving -0.06 Geal/t. Saving on 
the basis of 15,000t/month. 

= 15000 x 0.06 Gceal/month. 

= 900 x Geal/month. 

= 3.0 lakhs/month. 

‘= 36.0 lakhs/annum 

=R.O.1.--28.1 % 

Payback period- 42 months, 


16°? saving in hear consumption. Payback 
period-13 months. 


40% of thermal energy per ‘ton of ingot 
stool from. the existing 1.35 Geal/T to 
0.81 Geal/T. Payback neriod-2 yrs. 


25°” saving in energy. Payback in 22 
months, considering 0.2225 Mkeal’T to 
saving for 27,500 T/mth of production 
& Rs. 72/- per MKCal. 


Proper assessment of saving is not 
possible duz to insufficient i nstrument- 
ation. 


Saving in steam and coke amounting 
to Rs. J00 lakhs‘vears. 0 095 G. eal T 
of Htot Metal. 


Saving of Rs. 398 Jakhs per year (on con- 
tinuous basis). Saving of thermal 
energy 0.1 G cal T of Cruce Steel. 


Saving of Rs. 60 lakhs per year (cn con- 
tinuous basis). Saving of thermal 
energy 0.01 Gical T of Het Metal, 


(2) (2) 





5. Stabilisation of calorific value of mixed gas to 
Reheating Fees. Rs. 39.5 lakhs. 


6, Replacement of steam with N, for interbell space 
purging of Blast Furnece .-3. Rs. 175 lakhs. 


7. Utilisation of converter gas Rs. 14.83 lakhs. 


8. O2 flow mztering system with integrator in O, plant. 
Rs, 16.52 lakhs. ; 


UNIT-023 


1. Provision of cover during ladle heating in SMS. 


2. Venerring in Merchant Mil! See | 


3. Limeblastinjection inblast furnace. 
4. Modified Tuyers Stocks in BF No. 384. 


5. (a) Construction of parallel] gas lines in critical and 
heavily loaded area . 


(b) Replacement of B.Fce. gas holder 
(c) Replacement of deck plate for c.o. gas holder 


6. Instruments i2 SMS 3rd phase and procurement of 
total heatinput recorder and oxygen flow water in 
O.H. Fees as an enttergy conservation manual. 

7. Replacement of Hammer Mill in coal handling 
Plant. 


8. Replacement of gas distribution and monitoring 
system Of the plan.. 





4Us 


Mar. ‘90. 


Feb. °88 


cue °87 
0.50 lakhs 


May °88 
9 lakhs. 


1988/89 
460 lakhs 


Mar’ 89 
252.5 lakhs. 


Dec. 88 
495 lakhs. 


460 lekhs. 


Mar. ‘89 
70 lakhs. 


Dec. 88 
$2 lakhs. 


Oct. '87 
480 lakhs 


1988 
65 lakhs. 


9. Improved sealing system in sinter plant Strand No.2 April. ’88 


10. Novable throat armour. 

Ll. Provision of water seals & isolating valves on 40” 
c.o. & B.F. lines to rolling mill . 

L2. Insulation of cold blast main 


{3. Provision of inter conusction of 84’ gas main to 
power plant and rolling mills. 


14, Rehabilitation of gas booster system in soaking pit. 


1§. Provision of slide gate teeming in one 220ft. ladles. 





’ 341 akhs. 


96 lakhs. 
During B.Fce relining 
3.67 crores. 


Apr. °87 
43 lakhs. 


88/89 
19} akhs. 


May 88 


50 lakhs. 
35.0lakhs 


Jan ’88 


a 9 ne eA A A A et EL RO | AR RS, ee 


Saving of Rs. 66.4 lakhs per year, Saving 
of thermal e¢iergy 0.03 Gcal per ton 
of slab rolled. 


Reduction in use of steam leading to addi- 
tional generation 3MW power. Pay. 
back perioad—- 4 years. 


Saving in purchased fuel (steam coal— 
5T/hr. Payback perioad—3 months. 
1% reduction in losses of Oy. 
Payback period— 1 year. 


Reduction in heating cycle and thermal 


energy savings 1064 Gealiyr. Net 
saving Rs. 14 1akhs. 


10% heat savings exreted Net sa@irng 
Rs. 10 lakhs. 


Reduction in coke rate by 3—-5% and 
improvement in prod ctivity by 8— 10% 
Net savings Rs. 115 lakhs. 


Rednction in blast leakage improvemert 
in prodctivity by 10%. Net saving 
Rs. 696. 49 lakhs. 


Efficient ditribution of gaseous  fuej 
Net saving Rs. 123.75 Lakhs. 


Efficient aisribution of gaseous fuel. 
Net saving R. 115 lakhs. ; 


Efficient cistribution of gaseous fuel. 


Net saving Rs. 17.5 lakhs. 


Energy saving Fce. oi! saving 250 tonnes 
permonth. Net saving Rs. 228.57 

lakhs 

Improvement in crushing India leading 
to better coke quality and yield. Net 
saving Rs. 120 lakhs. 

Toensure Optimum distribution of gaseous 
fuels. Net savings Rs. 16.25 lakhs. 

Better sintering efficiency and lower heat 
consumption. Net saving Rs. 24 lakhs. 

Improvement of productivity and reduc- 
tionin coke rate by uniform distribu- 
tion of burden coke rate reduction 4%. 

Productivity improvement— 4°. Not 
saving Rs. 91.75 lakhs. 

This branch line could be isolated for 
maintenance without forcing tota) 
shutdown off the entire mills. Net 
saving Rs. 21.5 lakhs. 

Reduction in. heat losses through blast 
main pipe walls—Saving in energy. 
Net saving Rs. 14.39 lakhs. 

Efficient distribution of gaseous fuel. 
Net saving Rs. 25 lakhs. 

To maintain gas pressure leading to 
better combustion efficiency in all 

' the pits. Net saving Rs. 17.5 lakhs. 

Improvement in yield and quality of in- 

got stecl. Net saving Rs. 34 lakhs 
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ANNEXURE—45/4 
Check List and MIS suggested for operational improvements 
SI. Items to be checked Frequency of Recording to be ~ MIS to be prepared by — 
No. Checking performed by 
(0) (1) , Q) (3) | (4) | 
1. At Coke Oven Se et eee yee ee ya rey eee Te Pere = 
(i) Ensure full charging of ovens Daily (shiftwise) Supervisor/Foreman (a) All information should reach 
energy management cell. 
(ii) Ensure leakage-proof door sealing —da— —do.-. (b) With the heJp of Personal Com- 


puter with printer daily informa- 
tion should reach Superintendent 
of all process-centres. 


(iii) Regenzrators to be cleaned (Weekly “~do— 

once) 

(iv) Maintain constant O,—Revel in Fluz gas Daily —o— (c)} CMD of the ‘integrated steel 
plant would also receive the 
abridged information bi-weekly 
for review in weekly mecting 

with all Superintendents. 
(v) Maiatain uniform thermal regime by con- Daily Foreman (4) Monthly abridged information 
trolled heating. should reach corporate office 
for review. 

(e) Directives from corporate 
office should flow back once in 
in @ month. 

2. At Sinter Plant 
<i) Ensure clean fuzl-line to all the strands Weekly Supervisor, Foreman 
(ii) Ensure regular air-gas ratio controls Daily Forcman 
(iii) Ensure proper quality and size of input do— —- —do— 
materials. 
(iv) Ensure dust-free working environment —do— —do-- 
(v) Regular testing of the porousity of sinter -~do— —-do-~ 
3. At Blast Furnece : 
(i) Ensure better sizing of input materials —do— Foreman 
(ii) Ensure cleaned burners and chequers of Weekly Supervisor As above. 
the stove. 
(ii) Ensure proper heating and controlsofthe Daily —do— 
‘+ stove air. 
(iv) Ensure leakage proof of cold and hot blast — o— —do— 
lines of the stove. 
4. At Steel Melting Shop (OHF) and LD Converter 
(i) Ensure optimal thermal regime foreach Daily Forem:an 
OHF. 
(ii) Ensure reduction of heat losses through ~ao— Supervisor. 
walls. cooling water. openings. etc. 
(iii) Introduce Korf process af oxygen lancing Daily Foreman As above. 


at OHF and lay aown norms of operation 
and follow the same strictly. — 


‘w) ‘Ensure regular flue-ga-: analysis of OHF —do- do. 
- and monitor. data for complete combus- 
tion of all fuels used. 


A a ee 
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(v) Ensure cleaning of regenera tor channels. Daily 

(vi) Reduce track time wherever feasible. —do~ 
(vii) Improve maintenance practices. Daily 


5. At Soaking Pits and Reheating Furnaces 
(i) Enusre optimum time and temperature of Daily 
Ingots inside soaking pit. 
(ii) Ensure least possible track time of heated --do— 
ingots outsjde the soaking pits 
(ij) Ensure proper scheduling of ingot aischarg- —do— 
ing from moula heating at soaking pit 
and loading to rolling. 
(iv) Ensure air-tight operations of pits. —do— 
(v) Ensure cleaned burnersof the pit and Weekly 
and reheating furnaces. 
(vj) Ensure optimum combustion of thefucl Daily 
by aata monitoring with 1% oxygen con- 
tent of fluc gas. 
(vii) Improve majntenance practices. —do— 
(viii) Inspect insulation condition of the furnace Weekly 
on regular basis. 
(ix) Improve upon therma! regimes inside the Daily 
furnace. , 
6. At Boilers and Power Plants 
(i) Check the quality of non-coking coals Daily 
used jn boilers. 
(ii) Ensure leakage proof steam supply to tur- —do— 
bo-boilers and other places of steam use. 
(iii) Bnsure complete combustion of all fuels — do-- 
used ip boilers by analysing flue ges. ard 
coal c'nder. 
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(iv) Morjtor boiler effice'ncies for corrective Bi-Weekly 


actio 
(v) Improve majntenance practices Daily 


7. I¢ntroduce & Suggestion Scheme and im- = 
prove work-cultur, 


Se -. 


(4) 6) 


Foreman 
a 





Foreman 


Foremap 
— doi 
—do— 
Svpervisor As above. 
—do-- 
Foreman 
—do— 
—do— 


—ao— 


Foreman 


Supervisor 


Foreman As above. 


—-do-- 


—do- 


Superintendedts 0, Aa above. 
process-centre. 





tate ete 
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ANNEXURE—6.1 
Action points for energy conservation in—020 
Si. Shop ENERGY CONSERVATION ACTION POINTS 
No. tt ree oe et it oe et es mo 0 me 8 ss 0 ee tt ne i eee ae 
1989-90 1994-95 1999-2000 
(1) (2) (3) (4) (3) 

L. Coke Ovens 1, Op2rationalimprovements. PBCC/Stamp charging in -PBCC/Stamp charging 
batteries during capital in batteries during 
repairs. capital repairs. 

2. Improved health of ovens by mechanised 
miiftenance. 
3. Computerised combustion control. 
4. Modification’replacementof coal 
crushers. 
5. Selective crushing Of coal. 
6. PBCC/Stamp charging jin batter es dur- 
ing capital repa rs. 
2. Sinter Plants 1. Improved sealing. Recovery Of sensible heat of sinter. 
9. To Aerease the capacity of the blowers. 
3. Improved design of igrition head. 
4. Other modern sat On measures. 
3. Blast Furmace 1. Decreasei n percentage hot blastleak- 1. Increase in% sinter. 
age. 
2. Insulation of cold blast main. 2. Increase in hot blast tem- 
perature by stove m0djfica- 
tion. 
3. Increase in % sinter. 3. Movable throat armour jn 
remajning furnaces. 
4. Improvement in thermal efficiency of 
stoves. 
5. Computer contro} of stoves. 
6. Movable throat armour in 1-—2 furnaces. 
4. S.M.S. 1. Improvement in thermal efficiency of 1. Replacement of O.H. 1. Further adoption cjon- 
.O.H. furnaces by Korf technology. furnaces by oxygen  stee} tinouos case. 
: , making. 
2. Introduct on of combined blowing jin 2. Partjal replacement of 
LD steel making. convent Onal costing by 
contjnuous casting. 
3. Introduction ofimproved ladle heating 3. Suppressed gas recovery 
stations. system for LD Converters 
(oid.) 
4. Introduction of slide gate teeming system. 
5. Weighing facilities in teeming cranes. 
5. Soaking Pits 1. Improved health of soaking pits by With gradual adoption of con- Phase out soaking pits 
better design & miintenance. tinuous casting phasing out as far as possible 


of the soaking pits starts. 


to 


. Improved combustion system. 


3. Introduce microprocessor based heating 
& combustion contro! system. 


4. Improve communications and logistics 
between pitside and soaking pits. 
& 








Q) (2) (3) 


5. Operate optimum number of pits. 


6, Boilers & Power Plant. t- Improved combustion system. Replacemznt/modernisation of 
old units. 
2. Microprocessor based combustion con- 
trol system. 
7. Reheating Furnace 1. Improved design of water cooled skids 1. Imtcoduction of facilities for Direct rolling Tech- 
and skid insulation. hot charging. nology. 
2. Better design of doors one wry and 2. Conserving heat of the hot 
exist side. stock by providing insula- 
tion. 


3. Improved combustion system. 


4. Introduction of microprocessor based 
control system. 


5. Operate optimum number of pits. 


8. Gentrat !. Autommtic speed control of blowers. ex- Adoption of more waste heat 
hausters & compressors (0 save electrical recovery system. 
energy. 
2. Efficient use of process steam. compress- 


ed air and water. 


3. Introduction of efficient energy moni- 
toring and auditing system through 
computerised energy centre. 


4, Adoption of techn>-economically attrac- 
tive waste heat recovery systems 


ey Ase jks ere paMiewiedse aS ete t 8 et) ah a wie eine ee ee ee. 
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